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Preface 


This  thesis  project  attempted  to  design  and  develop  a 
dedicated  speech  work  station*  T-he  woTfc  sTsrtnrorr' would 

'--p 

accept  one  of  sixteen  possible  analog  signal  inputs, 

digitize  the  input  and  store  the  resulting  data  in  the 

0  o 

expanded  computer  memory  of  a  modified  Cromemco  S-lflMJ  bus 
microcomputer  system.  Once  stored,  the  data  could  be 
relocated  to  magnetic  ^"floppy  disk"  storage  or  graphically 

displayed  on  a  CRT.  - - —  —  y  f., ,  V  Y  / 
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Abstract 


As  a  result  of  the  hardware  and  software  developed 

<50 

under  this  thesis,  the  AFIT  Speech  Lab’s  Cromemco  S-10#  bus 
microcomputer  system  can  be  configured  as  a  dedicated  stand 
alone  speech  work  station. 

Hardware  is  now  developed  which  provides  an  extended 
memory  capability  for  storage  of  analog-to-digital  sampled 
analog  speech.  Data  storage  is  via  a  direct  memory  access 
(DMA!  capability.  The  hardware  also  supports  providing  an 
analog  output  from  previously  stored  data  samples  via  a 
digital- to-analog  capability. 

Software  is  developed  which  controls  the  analog  input 
to  be  sampled  and  the  sampling  rate  to  be  used.  The 
software  also  allows  the  sampled  data  to  be  graphically 
displayed  50#-  samples  at  a  time  on  a  video  display  screen 
or  to  be  placed  in  or  returned  from  more  permanent  storage 
on  a  magnetic  disk. 

The  detailed  analysis,  development,  and  fabrication  of 
the  hardware  and  software  is  also  contained  in  the  thesis. 


DEVELOPMENT  OF  A  DEDICATED 
SPEECH  WORK  STATION 


I.  Introduction 


Background 

The  Electrical  Engineering  department  of  the  Air  Force 
Institute  of  Technology  (AFIT)  needed  to  expand  the 
capability  of  an  existing  Cromemco  S-100  bus  microcomputer 
system.  This  system  was  used  to  sample  and  digitally  store 
analog  speech  signals.  The  modification  was  required 
because  the  existing  64K  system  was  limited  to  sampling 
approximately  three  seconds  of  speech.  This  time  restraint 
reduced  the  effectiveness  of  the  system  as  a  speech  analysis 
tool.  This  resulting  thesis  project  involved  both  the 
hardware  and  software  modification  of  the  existing  system. 
The  hardware  modification  portion  expanded  the  memory 
storage  capability  of  the  system,  thus  allowing  increased 
digital  storage  of  sampled  analog  signals  such  as  speech. 
The  software  additions  controlled  the  data  sampling,  data 
storage,  and  graphical  display  of  the  digitized  analog 
signals.  Chapter  One  discusses  the  background  of  the  thesis 
and  its  general  approach.  Chapter  Two  provides  insight  into 
the  hardware  and  software  development.  Chapter  Three 
addresses  the  design  and  fabrication  involved  in  the  thesis. 
And  finally.  Chapters  Four  and  Five  address  validation  of 
the  thesis  effort  and  provide  some  conclusions  and 
recommendations. 
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Problem 


The  problem  addressed  by  this  thesis  is  the  development 
of  a  stand  alone  speech  acquisition  and  graphical  display 
station.  This  computer  station  is  used  to  sample  analog 
speech,  provide  digital  storage  of  the  samples,  and  allow 
graphical  display  of  selected  portions  of  the  stored  data. 
The  speech  station  is  a  tool  to  be  used  by  speech 
researchers . 

General  Approach 

First,  the  dedicated  speech  station  uses  the  existing 
equipment  located  in  building  640,  room  241.  The  existing 
Cromemco  S-100  bus  microcomputer  system  and  associated  video 
display  terminal  had  to  be  modified  to  acquire  and  display 
analog  speech.  The  original  Cromemco  memory  is  limited  to 
64K  bytes,  where  IK  equals  1024  bytes  and  one  byte  equals 
eight  bits.  The  memory  had  to  be  increased  by  adding  six 
MB 6 4  64K  static  Random  Acess  Memory  (RAM)  boards  to  the  S- 
100  bus. 

Second,  a  direct  memory  access  (DMA)  controller  has 
been  added  to  the  microcomputer  system.  The  DMA  capability 
and  additional  memory  are  required  to  allow  high  sampling 
rates  and  to  avoid  losing  any  data  samples  due  to  the 
relative  long  amount  of  time  required  by  the  computer  to 
write  the  data  samples  onto  magnetic  disk  for  storage.  The 
additional  memory  is  addressed  by  using  an  extended  memory 
addressing  format. 


Third,  the  video  display  unit  terminal  associated  with 
the  Cromenco  system  contains  a  high  resolution  graphics 
capability  called  Imaginator.  This  capability  allows  the 
system  user  to  acquire,  plot  and  edit  selected  portions  of 
the  data  samples  stored  in  the  static  memory.  Data  sample 
manipulation  to  and  from  magnetic  disk  storage  is  also 
allowed . 

Finally,  the  "C"  programming  language  is  used  whenever 
possible  to  write  the  software  routines. 
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Detailed  Analysis 
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II . 


This  chapter  briefly  describes  the  Cromenco  S-100  bus 
microcomputer  system.  It  also  includes  a  discussion  of  the 
hardware  and  software  designs  necessary  for  the  speech 
station  to  operate.  Finally,  the  graphics  software  is 
discussed  separately. 

Cromenco/S-100 

The  Cromemco  S-100  bus  microcomputer  consists  of  a 
chassis  housing  a  built-in  power  supply  and  an  S-100  bus 
mother-board  made  up  of  twenty-one  100-pin  connectors.  Each 
of  these  connectors  provides  a  slot  into  which  a  S-100 
compatible  circuit  card  can  be  inserted.  Each  of  the  slots 
on  the  Cromemco  mother-board  receives  the  same  set  of 
signals;  therefore,  any  circuit  card  that  is  compatible 
with  the  S-100  bus  can  be  plugged  into  any  of  the  slots. 
Consequently,  there  are  no  special  or  reserved  slots  in  the 
Cromemco  system.  The  only  consideration  that  must  be  made 
is  that  no  more  than  one  card  can  be  assigned  to  the  same 
memory  addresses  and/or  input/output  (I/O)  address.  The 
built-in  power  supply  provides  three  unregulated  voltages 
(+8,  -18,  and  +18  volts)  to  the  bus.  Each  circuit  card 
inserted  into  a  slot  has  to  have  its  own  on-board 
regulator(s)  capable  of  supplying  the  power  required  by  the 
circuit. 


The  S-100  bus  has  become  one  of  the  most  popular  hobby 


busses  and  is  now  considered  an  industry  standard.  MITS 
Inc.  first  introduced  the  S-100  bus  on  their  8080-based 
Altair  computer.  Since  the  S-100  bus  is  originally  designed 
to  support  the  8080  processor,  most  of  the  bus  signals  are 
representative  of  the  signals  generated  by  an  8080 
processor.  Almost  all  of  the  100  lines  of  the  bus  have  a 
standard  predefined  function  and  are  described  in  many 
easily  available  publications  (Ref  1).  Basically,  the  lines 
are  divided  into  four  major  groups.  These  groups  consist  of 
the  power  and  ground  lines,  the  address  lines,  the  data 
lines,  and  the  control  lines. 

The  power  and  ground  line  group  provides  the  voltages 
required  by  the  computer.  Six  lines  are  assigned  to  provide 
the  three  unregulated  voltages  (+8,  -18  and  +18  volts)  and 
their  ground  returns.  The  +8  volts  and  ground  values  each 
appear  on  two  separate  lines.  The  address  line  group 
initially  provided  the  sixteen  lines  required  to  supply  a 
16-bit  memory  address.  However,  the  latest  Institute  of 
Electrical  and  Electronics  Engineers  (IEEE)  696  standard 
supports  extended  24-bit  memory  addressing.  The  data  line 
group  is  composed  of  sixteen  lines  and  is  used  to  supply 
program  instructions  and  data.  Normally,  the  data  group 
lines  are  separated  into  two  sub-groups  of  eight  lines  each. 
One  set  is  used  to  supply  data  to  the  central  processing 
unit  (CPU),  while  the  other  set  is  used  for  data  emanating 
from  the  CPU.  The  IEEE  696  standard  allows  these  sixteen 
lines  to  become  bidirectional  when  the  proper  control 
signals  are  provided.  This  allows  the  bus  to  be  used  with 
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the  evolving  16-bit  microprocessors.  The  IEEE  696  effort  is 
heralded  as  a  standard  and  should  serve  to  standardize  the 
bus  across  the  industry  for  both  8-bit  and  16-bit  operation. 
The  remaining  lines  comprise  the  control  line  group.  These 
lines  are  used  to  carry  timing  and  control  signals  between 
the  CPU,  memory,  I/O,  and  any  other  circuits  located  on  the 
S-100  bus. 

With  the  acceptance  of  the  S-100  bus,  made  evident  by 
the  extent  of  its  use,  it  is  a  good  choice  as  the  computer 
bus  for  use  in  this  project.  The  best  system,  however,  is 
one  that  uses  a  16-bit  processor.  But  since  the  ground 
rules  are  to  use  the  existing  hardware  as  much  as  possible, 
the  use  of  a  16-bit  processor  is  not  future  addressed. 
Returning  to  the  S-100  bus,  there  are  numerous  manufacturers 
building  cards  that  comply  with  the  standard,  making  the 
task  of  finding  a  commercially  built  card,  to  do  all  but  the 
most  specialized  functions,  quite  easy.  Such  is  the  case  of 
using  the  commercially  available  MB64  memory  card. 

Since  the  S-100  bus  is  a  true  parallel  bus,  all  signals 
within  the  system  are  available  to  any  card  placed  on  the 
bus.  This  provides  for  nearly  unlimited  use  of  these 
signals  by  any  circuit  card  inserted  on  the  S-100  bus.  The 
Cromemco's  S-100  bus  is  capable  of  communicating  directly 
with  256  I/O  ports  using  the  low  byte  of  its  address  bus. 
The  S-100  bus  has  two  control  lines  that  delineate  I/O  or 
control  operations  from  normal  memory  transactions.  One  of 
these  lines,  sINP,  indicates  an  input  operation  while  the 
other,  sOUT,  indicates  an  output  operation.  Each  interface 


must  decode  the  least  significant  byte  of  the  16-bit  address 
bus  to  determine  its  port  addresses  when  either  of  these  two 
signals  appear.  Two  other  control  signals,  pWR  and  pDBIN, 
are  always  generated  during  memory  write  and  read 
operations,  respectively.  These  signals  are  used  to  tell 
the  interface  circuit  when  it  must  either  supply  data  to  or 
take  data  from  the  system. 

More  detailed  information  on  the  Cromemco  system  can  be 
found  in  the  Cromemco  instruction  manuals  and  technical 
manuals  (Refs  2  thru  7). 


Hardware  Development 

The  following  discussion  is  a  brief  synopsis  of  the 
major  hardware  components  used  during  the  thesis  project. 


The  DMA  Controller.  The  AM9517A  Multimode  Direct 
Memory  Access  (DMA)  Controller  is  a  peripheral  interface 
circuit  for  microprocessor  systems.  It  is  designed  to  allow 
external  devices  to  directly  transfer  information  to  or  from 
the  system  memory.  Memory-to-memory  transfer  capability  is 
also  provided.  Both  of  these  capabilities  are  required  and 
used  to  support  the  thesis.  The  direct  transfer  of  data  to 
the  system  memory  occurred  during  analog-to-digital  sampling 
of  the  speech  signal.  The  direct  transfer  of  data  from  the 
system  memory  occurred  during  the  d i g i t a  1 - t o- a na 1 og 
conversion  of  the  sampled  data.  The  memory-to-memory 
transfer  capability  is  used  to  move  data  samples  between  the 


higher  memory  addresses  (above  64K)  and  the  lower  memory 
addresses  (below  64K).  This  is  necessary  in  order  to  use 
existing  software  commands  to  move  data  to  and  from  magnetic 
disk  and  daring  the  graphical  representation  portion  of  the 
project.  These  commands  only  work  on  data  samples  located 
in  the  memory  addresses  located  below  64K.  More  specific 
details  on  the  DMA  module  are  contained  in  Appendix  F. 

The  System  Timing  Controller  (STC) .  The  AM9513  STC  is 
a  large  scale  integrated  circuit  designed  to  service  many 
types  of  counting,  sequencing  and  timing  applications.  This 
chip  is  software  programmed  by  the  system  user  of  the  SPEECH 
program.  The  STC  OUT 5  pin  provides  the  clocking  necessary  to 
sample  the  analog  input  at  the  system  user  specified 
sampling  rate.  The  output  of  the  0UT4  pin  is  used  to  disable 
the  digital-to-analog  output  until  the  specific  starting 
sample  is  reached.  The  basic  digital-to-analog  concept  is 
that  all  stored  data  samples  on  a  memory  board  are  addressed 
during  each  digital-to-analog  operation,  but  only  when  0UT4 
is  active  high  will  any  external  output  be  allowed.  This  is 
required  due  to  the  technique  used  to  address  the  data 
storage  locations  in  static  memory.  And  finally,  the  0UT2 
pin  is  used  to  disable  the  sampling  conversion  process.  Be 
it  either  analog-to-digital  or  digital-to-analog  conversion, 
the  OUT 2  pin  causes  an  interrupt  signal  to  be  sent  to  the 
central  processing  unit.  The  interrupt  signal  causes  the 


conversion  process  which  is  running  to  stop.  More  specific 
details  on  the  STC  chip  are  contained  in  Appendix  G. 
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The  A- to-D  Module.  The  DAS  1128  is  a  complete  self- 
contained  miniature  high  speed  data  acquisition  system.  It 
contains  an  analog  input  signal  multiplexer,  a  sample-and- 
hold  amplifier,  a  12  bit  ana  log- to-d ig i ta 1  converter,  and 
all  of  the  programming,  timing,  and  control  circuitry  needed 
to  perform  the  complex  data  acquisition  function.  More 


specific  details  on  the  ana  1 og - to-d  i  g  ital  module  are 
contained  in  Appendix  H.  The  basic  concept  for  analog-to- 
digital  conversion  in  the  SPEECH  program  is  shown  in  Figure 
II-l.  The  ana  log- to-d ig i tal  module  is  the  center  of  the 


operation.  An  analog  input  is  placed  at  the  INPUT  of  the 
module.  The  module  is  then  triggered  to  sample  the  analog 
input.  The  trigger,  however,  does  not  occur  unless:  (1)  the 
clock  sampling  pulse  is  positive;  thus  assuring  the  correct 
number  of  samples  per  second  will  be  taken,  (2)  the  analog- 
to-d ig i tal  on/off  flip-flop  is  set  to  positive;  thus 
assuring  only  an  ana  log- to-dig i ta 1  conversion  can  take 
place,  and  (3)  the  finish  count  is  positive;  thus  assuring 
that  the  last  user  requested  sample  has  not  yet  been  taken. 
Each  data  sample  is  placed  into  static  memory  via  the  data 
bus.  It  takes  two  8-bit  bytes  to  completely  store  the 
sampled  input  —  sampled  to  12  bit  accuracy.  The  signal  on 
the  ana  log- to-d ig i ta 1  module's  end  of  conversion  (EOC)  pin 
is  used  to  toggle  between  processing  the  first  byte  of  a 
sample  or  the  second  byte  of  a  sample.  The  control  is  via  a 


set  of  flip-flops.  The  flip-flops  are  enabled  by  the  byte 
count  (first  or  second  byte  of  a  sample)  and  the  Address 
ENable  (AEN)  line  of  the  DMA  module.  The  Data  REQuest  2 
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FIG  II-l.  ANALOG-TO-DIGITAL  CONVERSION 


(DREQ2)  and  Data  ACKnowledge  2  (DACK2)  lines  of  the  DMA 
controller  are  used  to  request  and  aid  control  of  analog-to- 
digital  sampling.  The  DREQ2  is  used  to  obtain  DMA  service. 
The  HOLD  and  HACK  lines  are  then  used  by  the  DMA  chip  to 
request  the  central  processing  unit  to  relinquish  control  of 
the  system  buses.  The  signal  on  the  AEN  line  of  the  DMA 
module  is  also  used  to  disable  the  CPU  so  that  only  the  DMA 
is  in  charge  of  the  S-100  bus.  Note  that  just  before  the 
DMA  module  is  placed  in  charge  of  the  data  bus,  via  the  HOLD 
and  HACK  signal  lines,  the  CPU  is  placed  into  a  tight  loop 
of  doing  nothing  but  no-operation  (NOP)  commands.  The  CPU 
stays  in  this  condition  until  the  CPU's  interrupt  line  is 
made  active.  This  occurs  when  the  user  requested  number  of 
data  samples  has  been  taken.  The  system  user  is  then 
returned  to  the  main  SPEECH  menu. 

The  D- to-A  Module.  The  DAC  1118  is  a  12  bit,  general 
purpose  d ig i ta 1- to-ana log  converter  which  comes  complete 
with  an  input  storage  register  and  output  amplifier.  For 
this  thesis  project,  the  chip  is  wired  to  provide  a  two's 
complement  code  output.  In  addition,  the  chip  is  set  to 
provide  a  bipolar  output  in  the  range  of  plus  five  volts  to 
minus  five  volts.  More  specific  details  on  the  digital-to- 
analog  module  are  contained  in  Appendix  I.  The  basic 
concept  for  d ig i ta 1 - to- ana  log  conversion  in  the  SPEECH 
program  is  shown  in  Figure  II-2.  The  d i g i ta 1- to-ana log 
module  is  the  center  of  the  operation.  An  analog  output 
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from  the  d i g i ta 1- to-ana log  module  is  the  result  of  its' 
operation.  The  conversion  of  a  new  12  bit  data  sample  into 
an  analog  output  is  controlled  by  the  STROBE  input  line. 
This  line  is  true  only  when:  (1)  the  sample  by-pass  signal 
is  true  —  meaning  all  the  samples  which  must  be  passed  over 
to  get  to  the  first  sample  requested  by  the  system  user  have 
been  passed  over,  (2)  the  output  clock  pulse  is  positive; 
thus  assuring  the  correct  number  of  samples  per  second  will 
be  sent  out,  (3)  the  digital- to-analog  on/off  flip-flop  is 
set  to  positive;  thus  assuring  only  a  digital- to-analog 
conversion  can  take  place,  and  (4)  the  finish  count  signal 
is  positive;  thus  assuring  that  the  last  user  requested 
sample  has  not  yet  been  sent  out.  Each  data  sample  is 
retrieved  from  static  memory  via  the  data  bus.  It  takes  two 
8-bit  bytes  to  completely  send  out  the  correct  sampled  input 
—  sampled  to  12  bit  accuracy.  The  flip-flop  control 
circuitry  toggles  between  the  first  byte  of  a  sample  and  the 
second  byte  of  a  sample.  The  flip-flops  are  enabled  by  the 
byte  count  (first  or  second  byte  of  a  sample)  and  the  signal 
on  the  AEN  line  of  the  DMA  module.  The  Data  REQuest  3 
(DREQ3)  and  Data  ACKnowledge  3  (DACK3 )  lines  of  the  DMA 
controller  are  used  to  request  the  d i g i t a  1 - to- ana  1 og 
conversion.  The  signal  on  the  AEN  line  of  the  DMA  module  is 
also  used  to  disable  the  CPU  so  that  only  the  DMA  is  in 
charge  of  the  S-100  bus.  Note  that  just  before  the  DMA  is 
placed  in  charge  of  the  data  bus,  via  the  HOLD  and  HACK 
lines,  the  CPU  is  placed  in  a  tight  loop  of  doing  nothing 
but  no-operation  (NOP)  commands.  The  CPU  stays  in 
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FIG  II-2 .  DIGITAL-TO-ANALOG  CONVERSION 
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this  condition  until  the  CPU's  interrupt  line  is  made 


active.  This  occurs  when  the  user  requested  number  of  data 
samples  has  been  converted.  The  system  user  is  then 
returned  to  the  main  SPEECH  menu. 


The  MB6 4  Static  RAM  Memory  Board.  The  SSM  MB64K  static 
Random  Access  Memory  (RAM)  by  Microcomputer  Products,  is 
used  to  provide  an  extended  addressing  memory  capability. 
This  extended  memory  capability  is  used  to  store  the  sampled 
analog  input  signal.  A  maximum  of  163,840  samples  (327,680 
bytes  --  two  bytes  per  sample)  may  be  stored.  See  Figure 
II-3  for  the  association  of  which  data  samples  are  stored 
on  which  of  five  extended  memory  boards.  Figure  II-4  shows 
the  scheme  for  the  extended  memory  addressing.  Address  bits 
A0  to  A 15  are  controlled  by  the  DMA  controller  and  an 
external  latch.  The  extended  address  bits  A16  to  A19  are 
controlled  by  an  external  counter.  The  counter  is 
initialized  by  making  LOAD  active  and  placing  the  initial 
address  on  the  appropriate  data  bus  lines.  The  DMA 
controller  end-of-process  (EOP)  pin  then  increases  the  count 
after  each  complete  pass  of  addressess  A0  to  A15.  One 
problem  did  surface  because  the  64K  static  memory  boards 
were  used.  The  problem  arose  from  the  original  Cromemco  64K 
memory  board  and  the  original  boot-up  technique  associated 
with  it.  A  graphical  representation  of  the  problem  is  shown 
in  Figure  II-5.  The  original  Cromemco  64K  memory  board  has 
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163,840  (SAMPLE  NUMBER) 


MEMORY  BOARD  #5 


MEMORY  BOARD  #4 


MEMORY  BOARD  #3 


MEMORY  BOARD  #2 


MEMORY  BOARD  #1 


131,073 

131,072 

98,305 

98,304 

65,537 

65,536 

32,769 

32,768 

1  (SAMPLE  NUMBER) 


FIG  II-3.  DATA  SAMPLES  STORAGE  LOCATIONS 
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FIG  II-4 .  EXTENDED  MEMORY  ADDRESSING 
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no  capability  for  extended  addressing.  This  meant  replacing 
the  original  memory  board  with  one  of  the  new  64K  boards. 
The  problem  is  the  original  board  contains  the  capability  to 
disable  all  memory  addressed  above  32K  during  system  boot¬ 
up.  This  allows  the  read-only- memory  (ROM)  located  on  the 
disk  controller  board,  at  the  memory  addresses  between  C000 
and  CFFF ,  to  be  used  to  boot-up  the  system.  Part  of  the 
boot-up  program,  located  on  the  outer  tracks  of  the  system 
disk,  then  turns  off  the  ROM  memory  and  turns  on  the  RAM 
memory  above  32K.  The  new  memory  boards  has  one  feature 
which  is  used  to  allow  system  boot-up.  By  pulling  any  2K 
memory  chip  off  a  new  board,  those  memory  locations  are 
disabled  and  ignored.  By  selecting  and  removing  the  two  2K 
memory  chips  which  cover  the  memory  addresses  C000  thru 
CFFF,  the  original  boot-up  technique  worked.  The  technique 
used  is  to  mount  the  two  removed  2K  memory  chips  on  a 
separate  board.  The  memory  chips  are  set  to  be  inactive  at 
boot-up.  The  circuitry  on  the  board  then  detects  the 
command  to  turn  the  ROM  off.  When  this  command  is 
generated,  both  removed  2K  memory  chips  are  enabled.  Thus, 
all  64K  of  the  system  memory  is  available  for  use,  however, 
two  of  the  memory  chips  are  now  located  on  a  separate  board. 
All  of  this  is  transparent  to  the  system  user.  More 
specific  details  on  the  MB64  Static  RAM  memory  board  are 
contained  in  Appendix  J. 


Software  Development 

The  programming  language  "C"  is  used  to  implement  this 
thesis  project.  The  reasons  why  are:  (1)  "C"  is  a  portable 
programming  language.  A  "C"  program  written  on  one  computer 
can  be  run  with  little  or  no  modification  on  any  other 
computer  with  a  "C"  compiler.  (2)  "C"s  speed  of  execution 
is  fast.  The  difference  in  execution  speed  between  "C"  and 
an  assemabler  is  almost  unnoticable.  (3)  "C"  is  well  suited 
to  structured  programming  techniques.  The  formatted 
structure  of  "C"  allows  the  software  program  to  be  broken 
down  into  smaller  increments  which  can  be  easily  handled. 
There  are  several  sources  of  information  on  the  "C"  language 
(Ref  8  and  9). 

Two  problems  did  arise  during  the  software  development. 
First,  it  became  necessary  to  incorporate  small  portions  of 
machine  language  code  into  the  "C"  language  prograr. 
Additional  information  on  doing  this  is  contained  in 
Appendix  L.  The  inclusion  of  machine  code  is  required  to 
access  the  interrupt  capability  of  the  Cromemco  computer. 
The  basic  concept  is  to  start  the  sampling  or  conversion 
process  and  let  it  run  free  under  control  of  the  DMA 
controller.  While  the  DMA  controller  is  in  charge,  the 
central  processing  unit  of  the  Cromemco  is  placed  in  a  tight 
loop  doing  nothing  but  waiting  for  an  interrupt  to  occur. 
The  interrupt  signal  is  generated  by  the  STC  chip  as  it 
reaches  the  number  of  last  sample  to  be  processed.  The 


specifics  of  adding  machine  code  to  a  "C"  language  program 


The  following  procedure  uses  the  following  "C" 


compiler:  BD  Software  "C"  Compiler  VI. 46 

Copyright  (c)  1981  by  Leor  Zolman 


The  person  doing  the  programming  starts  with  CASM.C, 
CLINK.COM,  CC1.COM  and  CC2.COM  files  on  their  disk. 
The  programmer  then  enters:  CC1  CASM.C  <CR> 

A  CASM.CRL  file  is  generated. 

The  programmer  then  enters:  CLINK  CASM  <CR> 

A  CASM.COM  file  is  generated. 

The  programmer  then  creates  a  machine  code  program  by 
using  the  CASM  guidelines.  The  machine  code  program 
is  labeled  "FI LENAM E.CS M" ,  say  "FUNCTION. CSM"  for 
this  example. 

The  programmer  then  enters:  CASM  FUNCTION  <CR> 

A  FUNCTION. ASM  file  is  generated. 

The  programmer  then  enter:  MAC  FUNCTION  $SZPZ. 

This  generates  a  FUNCTION. HEX  file  and  provides  the 

programmer  with  the  number  of  sectors  to  be  saved 

later  on  the  programmers'  disk. 

The  programmer  then  enters:  DEBUG  FUNCTION. HEX 

(This  loads  the  file  "FUNCTION. HEX"  into  memory.) 

The  programmer  then  enters:  ~C 

The  programmer  then  enters:  SAVE  FUNCTION. CRL  N 
(Where  N  is  the  number  of  sectors  to  be  saved.) 
Finally,  the  programmer  enters: 

CLINK  "FILENAME  OF  "C"  PROGRAM"  FUNCTION 
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The  second  problem  arose  from  the  need  to  manipulate 
numbers  which  are  larger  than  16  binary  digits.  The 
solution  is  to  use  the  32-bit  integer  package  for  "C" 
language  programs.  More  specific  details  on  this 
mathematics  package  is  contained  in  Appendix  M. 

Although  the  specific  software  programs  are  available 
in  Appendix  A,  it  is  of  value  to  know  which  addresses  are 
used  to  control  chip  select  functions.  The  software  port 
addresses  and  their  functions  are  shown  in  Figure  II-6. 

Invisible  to  the  system  user,  the  DMA  and  STC  chips  are 
software  programmed  during  the  use  of  the  SPEECH  program. 
Figure  II-7  shows  how  the  DMA  COMMAND  REGISTER  is  loaded 
during  ana  log- to-dig i ta 1  or  d ig i ta 1- to-ana log  operations. 
Figure  II-8  shows  how  the  DMA  COMMAND  REGISTER  is  loaded 
during  memory-to-memory  transfer  operations.  Figure  II-9 
shows  how  the  DMA  COMMAND  REGISTER  is  loaded  during  the 
clearing  of  memory  operations.  Figure  11-10  shows  how  the 
DMA  CHANNEL  0  MODE  REGISTER  is  loaded  during  memory-to- 
memory  transfer  operations.  Channel  0  is  used  to  control 
the  memory  SOURCE  location  during  memory-to-memory  transfer 
operations.  Figure  11-11  shows  how  the  DMA  CHANNEL  1  MODE 
REGISTER  is  loaded  during  memory-to-memory  transfer 
operations.  Channel  1  is  used  to  control  the  memory 
DESTINATION  location  during  memory-to-memory  transfer 
operations.  Figure  11-12  shows  how  the  DMA  CHANNEL  2  MODE 
REGISTER  is  loaded  during  ana log-to-d ig i tal  conversion 
operations.  Channel  2  is  used  to  control  the  placing  of 
digitized  information  into  static  memory  for  storage. 
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Figure  11-13  shows  how  the  DMA  CHANNEL  3  MODE  REGISTER  is 
loaded  during  d ig i ta 1- to-ana 1 og  conversion  operations. 
Channel  3  is  used  to  control  the  retrieving  of  digitized 


data  FROM  static  memory  storage.  Figure  11-14  shows  how  the 
STC  MASTER  MODE  REGISTER  is  loaded  during  program  operation. 
Figure  11-15  shows  how  the  STC  0UT1  COUNTER  MODE  REGISTER  is 
loaded  during  program  operation.  0UT1  is  used  in 
conjunction  with  OUT2  to  determine  when  the  analog-to- 
digital  or  digital- to-analog  conversion  processes  should  be 
stopped  because  the  total  number  of  desired  samples  has  been 
taken.  Figure  11-16  shows  how  the  STC  0UT2  COUNTER  MODE 
REGISTER  is  loaded  during  program  operation.  Figure  11-17 
shows  how  the  STC  OUT4  COUNTER  MODE  REGISTER  is  loaded 
during  program  operation.  OUT4  is  used  to  disable  digital- 
to-analog  output  until  a  specified  number  of  samples  has 
been  by-passed.  This  is  necessary  because  the  output 
technique  always  starts  with  the  sample  located  at  the 
beginning  of  a  memory  board  regardless  of  which  sample  on 
the  board  is  requested  as  the  first.  Figure  11-18  shows  how 
the  STC  OUT 5  COUNTER  MODE  REGISTER  is  loaded  during  program 
operation.  0UT5  produces  the  clock  sampling  pulses  required 
to  sample  at  the  system  user  specified  sampling  rate. 
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A/D  or  D/A  COMMAND  REGISTER  =  (80) HEX 


Bit  0 
Bit  1 
Bit  2 
Bit  3 
Bit  4 
Bit  5 
Bit  6 
Bit  7 


Memory  to  Memory  transfer  disabled, 
Does  not  matter,  if  bit  0=0. 
Controller  enabled. 

Normal  timing. 

Fixed  Priority. 

Late  write  selection. 

DREQ  sense  set  to  Active  HIGH. 

DACK  sense  set  to  Active  HIGH. 


FIG  1 1 -7 .  A-tO-D  or  D-tO-A  COMMAND  REGISTER 


MEM-to-MEM  COMMAND  REGISTER  =  (81) HEX 


Bit 

0 

1 

Memory  to  Memory  transfer  enabled. 

Bit 

1 

= 

0 

Channel  0  address  hold  disables. 

Bit 

2 

= 

0 

Controller  enabled. 

Bit 

3 

= 

X 

Does  not  matter,  if  bit  0=1. 

Bit 

4 

= 

0 

Fixed  Priority. 

Bit 

5 

= 

0 

Late  write  selection. 

Bit 

6 

= 

0 

DREQ  sense  set  to  Active  HIGH. 

Bit 

7 

= 

1 

DACK  sense  set  to  Active  HIGH. 

FIG  II-8 .  MEM-tO-MEM  COMMAND  REGISTER 


CHANNEL  2  MODE  REGISTER  =  (56) HEX 
For  Ana log- to-Dig i ta 1  Conversions 

************************ 
*  *  *  * 

3*2*1*0* 
*  *  *  * 


Bits  1&0 

=  10 

;  Channel  2. 

Bits  3&2 

=  01 

;  Write  transfer. 

Bit  4 

=  1 

;  Autoinitialize  enabled. 

Bit  5 

=  0 

;  Address  increment  selected. 

Bits  7&6 

=  01 

:  Single  mode  selected. 

FIG  11-12.  CHANNEL  2  MODE  REGISTER 


CHANNEL  3  MODE  REGISTER  =  (5B)HEX 
For  Dig i tal-to-Analog  Conversions 

************************************************* 


*  *  * 

*7*6* 

*  *  * 

************** 
*  *  * 

*  0  *  1  * 

*  *  * 

************** 


*  *  * 

2  *  1  *  0  * 
*  *  * 


Bits 

1&0 

=  11 

Bits 

3&2 

=  10 

Bi 

Lt  4 

=  1 

Bi 

it  5 

=  0 

Bits 

7&6 

=  01 

Channel  3. 

Read  transfer. 
Autoinitialize  enabled. 
Address  increment  selected 
Single  mode  selected. 


FIG  11-13.  CHANNEL  3  MODE  REGISTER 
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MASTER  MODE  REGISTER  =  (C10E)HEX 
Command  Code  Address  =  (17) HEX 


15  14  13  12  11  10 


Bits  3-0  =  1110  ;  Set  for  32  bit  compare. 

Bits  7-4  =  0000  ;  Set  FOUT  SOURCE  =  FI. 

Bits  11-8  =  0001  ;  Set  FOUT  Divided  by  1. 

Bit  12  =  0  ;  Set  FOUT  on. 

Bit  13  =  0  ;  Set  to  support  an  8  bit  bus. 

Bit  14  =  1  ;  Set  Disable  Increment. 

Bit  15  =  1  ;  Set  Scalar  Control  to  BCD  Division, 


FIG  11-14.  MASTER  MODE  REGISTER 


OUT  1  COUNTER  MODE  REGISTER  =  (0029) HEX 
Command  Code  Address  =  (01) HEX 


15  14  13  12  11  10 


Bits  2-0 
Bit  3 
Bit  4 
Bit  5 
Bit  6 

Bit  7 
Bits  11-8 
Bit  12 
Bits  15-13 


0 

0000 

0 

000 


Active  HIGH  pulse  out. 

Count  up. 

Binary  count. 

Count  repetitively. 

Reload  from  LOAD. 

(Note:  Load  LOAD  with  (00)HEX.) 
Disable  special  gate. 

Count  Source  =  (TCN-1). 

Count  on  rising  edge. 

No  gating. 


FIG  11-15. 


OUT  1  COUNTER  MODE  REGISTER 
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OUT  2  COUNTER  MODE  REGISTER  =  (002D)HEX 
Used  in  COUNT  FINISHED  control. 
Command  Code  Address  =  (02) HEX 


15  14  13  12  11  10 


0  0 


Bits  2-0 
Bit  3 
Bit  4 
Bit  5 
Bit  6 

Bit  7 
Bits  11-8 
Bit  12 
Bits  15-13 


0 

0000 

0 

000 


Active  LOW  pulse  out. 
Count  up. 

Binary  count. 

Count  repetitively. 
Reload  from  LOAD. 

(Note:  Load  LOAD  with 
Disable  special  gate. 
Count  Source  =  (TCN-1), 
Count  on  rising  edge. 
No  gating. 


( 00 ) HEX . ) 


FIG  11-16. 


OUT  2  COUNTER  MODE  REGISTER 


OUT  4  COUNTER  MODE  REGISTER  =  (1402)HEX 
Used  for  Digital-to-Analog  OFFSET  control 
Command  Code  Address  =  (04) HEX 


15  14  13  12  11  10 


Bits  2-0  =  010 
Bit  3=0 
Bit  4=0 
Bit  5=0 
Bit  6=0 
Bit  7=0 
Bits  11-8  =  0100 
Bit  12  =  1 
Bits  15-13  =  000 


Active  HIGH  toggle  (delayed) 
Count  down. 

Binary  count. 

Count  once. 

Reload  from  LOAD. 

Disable  special  gate. 

Count  Source  =  SOURCE  4. 
Count  on  falling  edge. 

No  gating. 


FIG  11-17. 


OUT  4  COUNTER  MODE  REGISTER 
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OUT  5  COUNTER  MODE  REGISTER  =  (0B21)HEX 
Used  for  CLOCK  PULSES. 

Command  Code  Address  =  (05) HEX 


15  14  13  12  11  10 


6  5  4  3  2 


0  0 


Bits  2-0  = 


Bit 

3 

Bit 

4 

Bit 

5 

Bit 

6 

Bit 

7 

Bits  11 

-8 

Bit 

12 

Bits  15- 

13 

Active  HIGH  pulse  out. 
Count  down . 

Binary  count. 

Count  repetitively. 
Reload  from  LOAD. 
Disable  special  gate. 
Count  Source  =  FI. 
Count  on  rising  edge. 
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Graphics 

The  graphical  display  of  digitized  data  samples  is  made 
possible  by  using  the  Imaginator,  built  by  the  Cleveland 
Codonics  Incorporated.  The  Imaginator  is  an  intelligent, 
high  resolution  graphics  retrofit  unit.  The  Imaginator  has 
its  own  onboard  microcomputer  to  perform  graphics  processing 
independent  of  the  host  computer.  The  graphical  display  is 
placed  within  the  504  pixel  by  247  pixel  resolution  of  the 
Imaginator.  More  specific  information  on  the  Imaginator  is 
contained  in  Appendix  K.  Figure  11-19  shows  the  basic  grid 
display.  As  noted  on  the  figure,  500  samples  at  a  time  are 
displayed.  This  is  accomplished  by  locating  the  1000  bytes 
which  define  the  500  samples  requested  by  the  system  user. 
The  1000  bytes  are  brought  into  a  buffer  array  in  lower 
memory  (under  64K).  Here  the  data  is  manipulated  into  a 
range  from  plus  to  minus  five  volts.  The  resulting  data  is 
then  plotted  on  the  grid.  The  ability  to  move  both  the 
vertical  and  horizontal  cursors  is  provided.  A  START  sample 
number  and  a  FINISH  sample  number  are  selectable  by  the 
system  user.  These  data  samples  may  then  be  output  to  an 
external  analog  system,  for  example,  a  speaker. 
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III.  Design  and  Fabrication 


This  chapter  briefly  describes  the  design  and 
fabrication  of  both  the  hardware  and  software  associated 
with  the  this  thesis  project. 


Hardware 


The  hardware  design  resulted  in  the  development  of  four 
separate  S-100  boards.  The  four  boards  are  the  "Boot  Up 
Control",  the  "Direct  Memory  Access",  the  "Digital-to- 
Analog  Conversion",  and  the  "Analog  to  Digital  Conversion" 
boards.  Two  types  of  standard  S-100  boards  were  used.  When 
possible  a  S-100  board  with  power  and  ground  busses  already 
installed  is  used.  These  boards  are  used  when  only  standard 
sized  integrated  circuit  chips  —  mounted  in  wire  wrap 
sockets  —  plus  standard  voltage  regulators,  are  mounted  on 
the  board.  When  larger  devices  required  mounting,  such  as 
the  analog-to-digital  conversion  device,  then  a  plain  board 
is  used.  In  this  case,  all  voltage  and  ground  paths  are 
also  added  to  the  board.  As  implied  above,  a  wire  wrap/then 
soldering  technique  is  used  for  all  board  contruction.  It 
is  necessary  at  times  to  connect  specific  signals  between 
two  fabricated  boards.  Where  possible,  the  S-100  bus 
positions  are  used.  In  the  cases  where  S-100  bus  positions 
are  not  available,  a  ribbon  cable  is  made  and  used  between 
the  two  boards  in  question  to  allow  data  or  sometimes  power 
access. 
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In  addition  to  the  fabricated  boards,  the  commercially 
available  MB64K  static  memory  boards,  discussed  in  chapter 
two,  are  also  installed  onto  the  S-100  bus  motherboard. 

The  integrated  circuit  layout  on  the  boards  is  clearly 
shown  in  Appendix  B.  The  "Boot  Up  Control"  board  integrated 
circuit  layout  is  shown  on  Appendix  B,  page  B-l.  The 
"Direct  Memory  Access"  board  integrated  circuit  layout  is 
shown  on  Appendix  B,  page  B-2.  The  "Dig  i  tal- to-Analog 
Conversion"  board  integrated  circuit  layout  is  shown  on 
Appendix  B,  page  B-3.  And  finally,  the  "Ana log- to-D i g i ta 1 
Conversion"  board  integrated  circuit  layout  is  shown  on 
Appendix  B,  page  B-4. 

The  cross  reference  between  the  integrated  circuit 
number,  shown  on  the  integrated  circuit  layouts,  and  what 
integrated  circuit  is  really  used,  is  shown  in  Appendix  C, 
starting  on  page  C-l. 

The  major  portion  of  the  hardware  fabrication  is  shown 
in  the  circuit  wiring  diagrams  of  Appendix  D.  The  "Boot  Up 
Control"  wiring  diagram  is  shown  on  Appendix  D,  page  D-l. 
The  "Direct  Memory  Access"  wiring  diagram  is  shown  on 
Appendix  D,  pages  D-2  thru  D-4.  The  "D ig i ta 1 - to-Ana log" 
wiring  diagram  is  shown  on  Appendix  D,  page  D-5.  And 
finally,  the  "Analog-to-Digital"  wiring  diagram  is  shown  on 
Appendix  D,  page  D-6. 

Appendix  E  provides  the  timing  diagrams  used  during  the 
thesis  project.  Appendix  E,  page  E-l  displays  the  timing 
diagram  for  memory-to-memory  transfers.  Appendix  E,  page  E~ 
2  displays  the  timing  diagram  for  d  i  g  i  t a  1 - t o- a n a  1 o g 


conversions.  And  finally,  Appendix  E,  page  E-3  displays  the 
timing  diagram  for  analog-to-digital  conversions. 


Software 

Due  to  the  size  and  complexity  of  the  software  programs 
required  by  this  thesis  project,  a  structured  programing 
format  is  used.  In  this  format,  each  operation  is  broken 
down  into  simple  programming  segments  which  are  executed 
sequentially  or  separately  as  needed  to  implement  a  desired 
operation,  what  follows  is  a  description  of  each  program 
segment  and  its  development. 

SPEECH.C.  This  is  the  entry  module  for  reaching  all 
other  program  segments.  Extremely  short  in  size  but  also 
extremely  important  in  its  function,  SPEECH.C  causes 
several  things  to  occur.  First,  the  SPEECH  title  is 
displayed  on  the  video  display  screen.  Thus,  the  system 
user  knows  the  SPEECH  program  has  been  correctly  accessed. 
Second,  an  introduction  is  provided  on  the  video  display 
screen  for  the  system  user.  This  is  part  of  making  the 
program  user  friendly.  Third,  this  program  segment  sets  the 
default  values  for  all  global  variables  used  in  any  of  the 
program  segments.  Finally,  this  program  segment  provides  a 
menu  of  "Command  Options"  to  be  displayed  to  the  system 
user.  (Appendix  A,  page  A-l) 
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SPEECH. H.  This  program  segment  is  a  "C"  language 
header.  It  contains  the  GLOBAL  VARIABLES  used  in  the  entire 
SPEECH  program.  SPEECH. H  is  included  as  part  of  each 
individual  "C"  module.  Any  change  to  SPEECH. H  requires  all 
"C  "  modules  to  be  recompiled,  via  the  CC 1  command,  and 
relinked,  via  the  CLINK  command,  to  form  a  new  SPEECH.COM 
file.  (Appendix  A,  page  A-3) 

TITLE. C.  When  called,  this  program  displays  the 
program  title  —  SPEECH  —  and  the  program  author's  name  on 
the  video  display  screen.  (Appendix  A,  page  A-6) 


INTRO. C.  An  introduction  to  the  system  user  is 
displayed  when  this  program  segment  is  activated.  This 
segment  asks  for  and  stores  the  name  of  the  system  user  for 
future  display  by  other  program  segments.  The  system  user 
is  also  asked  if  the  entire  SPEECH  program  description  is  to 
be  displayed  on  the  video  display  screen,  and  responds 
accordingly  to  a  yes  or  no  response.  (Appendix  A,  page  A-8) 

DESCRIBE. C.  This  program  segment  displays  a 
description  of  the  SPEECH  program  and  a  user's  guide  on  the 
video  display  screen.  (Appendix  A,  page  A-10) 


DEFAULTS. C.  The  activation  of  this  program  segment 
automatically  initializes  specified  GLOBAL  VARIABLES  to 
default  values  for  use  by  other  program  segments.  (Appendix 
A,  page  A-17 ) 
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MENU  .C . 


This  program  segment  prompts  the  system 


user  with  a  list  of  available  "Command  Options".  The  option 
chosen  by  the  system  user  is  then  implemented.  (Appendix  A, 
page  A-20) 

QU IT .C.  A  goodbye  message  to  the  system  user  is 
displayed  on  the  video  display  screen  when  this  program 
segment  is  addressed.  The  SPEECH  program  is  then  exited  and 
the  system  user  is  returned  to  the  operating  system. 
(Appendix  A,  page  A-23) 

ANALOGIC.  This  program  segment  controls  the  analog- 
to-digital  conversion  of  an  analog  input  signal  such  as 
speech.  The  system  user  selects  the  "analog  channel"  to  be 
sampled  (1  of  16),  the  data  "sampling  rate",  and  the  total 
"number  of  samples"  to  be  taken.  Options  in  this  segment 
allow  the  system  user  to  exit  the  program,  return  to  the 
system  MENU,  or  activate  a  bell  which  signals  the  beginning 
of  the  sampling  process.  (Appendix  A,  page  A-24) 

DIGITAL. C.  This  program  segment  controls  the 
digital-to-analog  conversion  of  data  samples  stored  in  the 
extended  memory  of  the  Cromemco  S-100  microcomputer  system. 
The  system  user  selects  the  first  and  last  sample  to  be 
converted.  Options  in  this  segment  allow  the  system  user  to 
exit  the  program,  return  to  the  system  MENU,  or  activate  a 
bell  which  signals  the  start  of  the  conversion  process. 
(Appendix  A,  page  A-27) 
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STORE. C. 


The  transfer  of  a  system  user  specified 


number  of  data  samples  is  controlled  by  this  program 
segment.  The  transfer  is  from  the  extended  static  random 
access  memory  (RAM)  to  magnetic  storage  disk.  The  data 
transfer  is  to  a  system  user  specified  "filename".  The 
default  "filename"  is:  B : DATA. ONE.  Data  transfer  is  done 
2048  bytes  at  a  time  by  using  the  array  named  mem_buf fer. 
(Appendix  A,  page  A-30) 


RETRI EVE.C 


This  program  segment  clears  the  extended 


static  RAM  and  then  transfers  data  from  magnetic  disk 
storage  to  extended  memory.  The  data  transfer  is  from  a 
system  user  specified  "filename".  The  default  "filename" 
is:  B : D AT A.ON E.  Data  transfer  is  done  2048  bytes  at  a  time 
by  using  the  array  named  mem_buffer.  Data  transfer  is 
continued  as  long  as  data  remains  on  the  magnetic  disk  under 
the  "filename"  specified.  (Appendix  A,  page  A-34) 


GRAPHICS  .C . 


This  program  segment  controls  the 


graphical  display  of  500  data  samples  at  a  time  on  the  video 
display  screen.  The  segment  displays  user  prompts,  provides 
right  and  left  cursor  movement,  and  provides  up  and  down 
volt-line  movement.  While  observing  the  graphical  display, 
the  system  user  may  the  vertical  cursor  to  select  the 
starting  and  finishing  data  sample  numbers  for  use  during  a 
later  digital-to-analog  output.  (Appendix  A,  page  A-38) 


PLOT.C. 


This  program  segment  draws  the  horizontal 


axis,  the  vertical  axis,  and  the  zero  volt  line  of  the 


graphical  display.  It  also  transfers  the  500  data  samples 
(1000  bytes)  to  be  displayed.  The  program  segment  then 
calculates  the  y-axis  values  of  the  500  data  samples  and 
then  plots  the  500  data  samples  on  the  graph.  Finally,  the 
system  user  is  returned  to  the  calling  program  segment. 
(Appendix  A,  page  A-44) 

RIGHT. C.  This  program  segment  moves  the  vertical 
cursor  displayed  in  program  segment  PLOT.C  to  the  right  by 
an  amount  specified  by  the  system  user.  Any  request  for 
movement  beyond  sample  number  500  causes  a  new  500  sample 
graph  to  be  displayed.  The  cursor  is  then  placed  at  the 
first  data  sample  of  the  new  data  plot.  The  vertical  cursor 
is  not  allowed  to  move  beyond  the  last  sample  of  all  samples 
taken.  (Appendix  A,  page  A-48) 

LEFT ,C .  This  program  segment  moves  the  vertical 
cursor  displayed  in  program  segment  PLOT.C  to  the  left  by  an 
amount  specified  by  the  system  user.  Any  request  for 
movement  beyond  sample  number  one  of  500  samples  causes  a 
new  500  sample  graph  to  be  displayed.  The  cursor  is  then 
placed  at  data  sample  500  of  the  new  data  plot.  The 
vertical  cursor  is  not  allowed  to  move  beyond  sample  number 
1  of  all  samples  taken.  (Appendix  A,  page  A-51) 

VOLTL I NE.C.  This  program  segment  move  the 
horizontal  volt-line  cursor  up  or  down  by  an  amount 
specified  by  the  system  user.  The  volt-line  is  not  allowed 
to  move  off  of  the  graph.  (Appendix  A,  page  A-54) 
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INPUT. C. 


This  program  segment  is  used  to  allow  the 


system  user  to:  (1)  select  the  "analog  input  channel"  to  be 
sampled,  (2)  select  the  data  "sampling  rate",  (3)  select  the 
total  "number  of  samples"  to  be  taken,  and  (4)  select  the 
"first  and  last  sample"  to  be  converted  during  digital-to- 
analog  conversions.  (Appendix  A,  page  A-55) 

DMA.C.  This  program  segment  initializes  the  direct 
memory  access  (DMA)  chip's  internal  registers  to:  (1) 
support  analog-to-digital  sampling,  (2)  support  digital-to- 
analog  conversion,  (3)  support  2048  byte  memory- to- memory 
data  transfer  in  support  of  STORE. C  and  RETRIEVE. C,  and  (4) 
support  64K  byte  memory- to-memory  data  transfer  to  clear  the 
extended  static  memory  RAM  boards.  (Appendix  A,  page  A-61) 


TIMING. C. 


This  program  segment  initializes  the 


system  timing  controller  (STC)  chip's  internal  registers  to: 
(1)  provide  analog-to-digital  or  d i g i ta 1- to-ana log  clock 
pulses  at  a  system  user  specified  triggering  rate,  (2) 
disable  analog-to-digital  or  d ig i ta 1- to-ana 1 og  capability 
after  a  system  user  specified  number  of  data  samples  have 
been  processed,  and  (3)  provide  by-passing  of  unrequired 
data  samples  at  the  beginning  of  a  memory  board  during 
digital-to-analog  output  operations.  (Appendix  A,  page  A-65) 


CLEARMEM.C. 


Binary  zero  (00000000B)  is  placed  in 


each  memory  byte  of  all  extended  memory  boards  when  this 
program  segment  is  addressed.  (Appendix  A,  page  A-70) 


NOP.CSM. 


One  of  two  non  "C '  language  programs  used 


in  the  thesis  project,  this  program  segment  provides  the 
delay  required  during  loading  of  the  DMA  chip's  internal 
registers.  (Appendix  A,  page  A-73) 


WAIT.CSM. 


One  of  two  non  "C"  language  programs  used 


in  the  thesis  project,  this  program  segment  prevents  the 
central  processing  unit  from  executing  SPEECH  program 
statements  until:  (1)  all  ana  log- to-d i g i tal  data  samples 
have  been  taken,  or  (2)  all  d  ig  i  ta  1  -  to- ana  log  data  samples 
have  been  output.  This  prevention  is  accomplished  by 
placing  the  central  processing  unit  in  a  tight  loop.  The 
loop  is  not  exited  until  the  interrupt  signal  occurrs.  The 
system  timing  controller  chip  activates  the  interrupt  signal 
after  all  samples  have  been  taken  or  have  been  used,  as  the 
case  may  be.  (Appendix  A,  page  A-74) 


IV. 


Validation 


The  validation  of  this  project  is  limited  to  four 
points . 

First,  the  method  developed  to  boot-up  the  system  is 
demonstrated  to  work.  The  boot-up  control  board  works 
perfectly  and  required  only  a  few  initial  bugs  to  be  worked 
out  of  the  board. 

Second,  much  of  the  software  is  demonstrated  to  work. 
The  graphics  programs  works  exceptionally  well.  The  display 
grid  is  easily  displayed.  The  grid  numbering  system  is 
automatically  updated  as  requests  for  data  both  above  and 
below  the  currently  displayed  data  are  made.  The  cursor 
control  commands  are  successfully  demonstrated  both  for 
small  (1  pixel),  medium,  and  large  (500  pixel)  cursor 
movements.  Data  is  easily  transferred  both  to  magnetic  disk 
storage  and  back  again.  The  disappointing  part  is  that 
canned  data  had  to  be  displayed  on  the  grid  and  transferred 
to  magnetic  disk  because  some  of  the  circuitry  did  not  work. 
Specifically,  the  control  of  data  sampling,  controlled  by 
the  system  timing  controller  chip,  did  not  function.  The 
registers  within  the  chip  which  controlled  the  data 
addressing  often  clocked  at  the  wrong  rate.  Also  the 
registers  which  signalled  the  completion  of  a  sampling 
session  failed  to  function. 


Third,  the  decoder  circuit  used  to  set  conditions  is 
demonstrated  to  work.  This  is  done  by  using  an  oscilloscope 


to  display  logic  high  or  logic  low  levels  on  designated 
integrated  circuit  chip  pins.  The  oscilloscope  also 
displayed  that  logic  levels  are  correct  during  requests  for 
analog- to-dig i tal  conversions  and  for  digital-to-analog 
conversions.  The  weak  link  is  related  to  the  malfunction  of 
the  registers  within  the  system  timing  controller  chip. 

Fourth,  the  extended  memory  addressing  is  function 
properly.  This  is  seen  by  observing  the  extended  memory 
address  LED's  on  the  S-100  bus  plug-in  monitor  board  when  a 
sampling  command  is  given. 


V.  Conclusions  and  Recommendations 

Conclusions 

The  basic  goal  of  sampling  speech  signals  and 
displaying  the  sampled  signals  on  the  video  display  screen 
is  not  met.  The  system  timing  chip  appeared  to  be  the  weak 
link.  Without  changing  any  connections  or  making  any 
software  changes,  the  system  timing  chip  changed  sampling 
frequency.  It  is  also  believed  that  the  register  functions 
within  the  system  timing  chip  are  not  operating  correctly. 
Due  to  a  lack  of  a  second  timing  chip  and  with  only  a  few 
days  left  in  the  quarter,  further  investigation  into  the 
locking  up  of  the  data  sampling  program  is  not  included  in 
this  document. 

On  the  positive  side,  much  of  the  designed  hardware  and 
software  is  known  to  work  very  well.  The  modification  to 
allow  system  boot-up  with  extended  memory  is  working 
perfectly.  The  extended  memory  addressing  is  shown  to  work 
by  observing  the  address  LED's  on  the  S-100  plug-in  monitor 
board.  The  graphics  display  programs  run  well,  even  though 
the  data  they  use  is  "canned"  data.  Data  is  easily 
transferred  to  and  from  magnetic  disk  storage.  Command 
locations  for  sending  data  to  the  NOVA  computer  system  are 
left  available  in  the  software  program  for  future  use. 

The  "C"  programming  language  with  its  modular  format  is 
demonstrated  to  be  very  powerful,  friendly  and  easy  to  use. 


Recommendations 


This  project  still  is  full  of  merit  and  should  be 
persued  and  completed.  It  is  recommended,  however,  that  all 
persons  who  do  follow-on  work  on  this  thesis  project  have 
previous  hardware  experience.  The  lack  of  hardware 
experience  is  a  major  cause  for  delays  in  the  fabrication 
and  understanding  of  the  circuit  boards.  Individuals  with 
previous  hardware  experience  are  invited  to  investigate  the 
manner  in  which  the  extended  memory  addressing  is 
accomplished.  Some  chip  reduction  in  this  area  is  likely  to 
be  possible. 
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/* 

V 

/* 

NAME:  SPEECH. C 

*/ 

/* 

VERSION:  1.0 

V 

/* 

DATE:  2  December  1983 

V 

/* 

MODULE  NUMBER:  1 

*/ 

/* 

FUNCTION: 

V 

/* 

See  user's  guide  in  module  ^3  (describe) 

for  complete 

V 

/* 

description  of  SPEECH.  SPEECH. C  (module  ♦).) 

is  the  entry 

V 

/* 

module.  It  (1)  displays  the  program  title. 

(2)  provides  an 

*/ 

/* 

introduction  to  the  user,  (3)  sets  default  values  for  global 

V 

/* 

variables,  and  (4)  provides  a  menu  of  "command  options"  to 

V 

/* 

the  user . 

V 

/* 

INPUTS:  NONE. 

V 

/* 

OUTPUTS:  NONE. 

V 

/* 

GLOBAL  VARIABLES  USED:  exit. 

V 

/* 

GLOBAL  VARIABLES  CHANGED:  NONE. 

V 

/* 

FILES  READ:  NONE. 

*/ 

/* 

FILES  WRITTEN:  NONE. 

V 

/* 

MODULES  CALLED:  title(),  intro(),  set  defaultsO,  menu(). 

V 

/* 

CALLING  MODULES:  NONE. 

V 

/* 

V 

/* 

AUTHOR:  CAPTAIN  WILLIAM  H.  LIEBER 

V 

/* 

V 

/* 

HISTORY:  AFIT  THESIS  GE/EE/84D-71 :  Development  of  a  Dedicated 

V 

/* 

Speech  Work  Station.  Thesis  Advisor:  Major 

Larry  Kizer. 

V 

/* 

V 

/*  SYMBOLIC  CONSTANTS  */ 

♦include  "bdscio.h"  /*  Standard  'C'  Language  header  file.  */ 

/*  GLOBAL  VARIABLES  */ 

/*  NOTE:  All  GLOBAL  VARIABLES  must  be  listed  just  prior  */ 
/*  to  main()  whether  used  in  main()  or  not.  */ 

♦include  "speech. h"  /*  Contains  all  GLOBAL  VARIABLES.  */ 


1 

%i 

\ 


\ 


/*  */ 

/*  MAIN  PROGRAM  */ 

/*  */ 

/******************************** ****************************************  / 

main( ) 


title();  /*  Print  "SPEECH"  on  the  CRT.  */ 

intro()!  /*  Give  user  the  option  to  read  the  */ 

/*  description  of  "SPEECH".  */ 

set_defaults( ) ;  /*  Initialize  variables  to  default  */ 

/*  values.  */ 

vhile(exit  ==  FALSE){  /*  Show  the  user  the  commands  which  can  */ 

menu();  /*  implemented.  Continue  to  return  to  */ 

continue;  /*  the  menu  of  commands  until  the  user  */ 

}  /*  wishes  to  EXIT  the  program.  */ 

) 
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/I***********************************************************************/ 

/*  */ 

/*  NAME:  SPEECH. H  */ 

/*  VERSION:  1.0  '  */ 

/*  DATE:  2  December  1983  */ 

/*  MODULE  NUMBER:  2  */ 

/*  FUNCTION:  *1 

/*  SPEECH. H  Is  a  "C  Language"  Header  which  holds  the  GLOBAL  */ 

/*  VARIABLES  used  in  the  entire  SPEECH  program.  SPEECH. H  is  */ 

/*  "#  included"  in  each  individual  "C"  module.  Any  change  to  */ 

/*  SPEECH. H  will  require  all  "C"  modules  to  be  recompiled  */ 

/*  (CC1  command)  and  relinked  (CLINK  command)  to  form  a  new  */ 

/*  SPEECH.COM  file.  */ 

/*  INPUTS:  NONE.  */ 

/*  OUTPUTS:  NONE.  */ 

/*  GLOBAL  VARIABLES  USED:  NONE.  */ 

/*  GLOBAL  VARIABLES  CHANGED:  NONE.  */ 

/*  FILES  READ:  NONE.  */ 

/*  FILES  WRITTEN:  NONE.  */ 

/*  MODULES  CALLED:  NONE.  */ 

/*  CALLING  MODULES:  NONE.  */ 

/*  */ 

/*  AUTHOR:  CAPTAIN  WILLIAM  H.  LIEBER  */ 

/*  */ 

/*  HISTORY:  AFIT  THESIS  GE/EE/84D-71 :  Development  of  a  Dedicated  */ 

/*  Speech  Work  Station.  Thesis  Advisor:  Major  Larry  Kizer.  */ 

/*  */ 

***********  ********************************************************* / 

(• 

/+*******+***************************************************************/ 
/*  */ 

/*  SPEECH. H  */ 

/*  */ 

/************************************************************************/ 
int  exit;  /*  Set  TRUE  by  quit()  to  exit  program.  */ 

char  name[50];  /*  Holds  user's  name  for  later  display.  */ 

int  lnputl;  /*  Used  to  control  cursor  movement.  */ 

int  input2;  /*  Used  to  control  cursor  movement.  */ 

int  cursor;  /*  Holds  pixel  number  of  cursor.  Pixel  number  */ 

/*  is  one  more  than  sample  number.  */ 

/*  I.E.  Sample  #1  is  in  pixel  column  #2.  */ 

char  a_temp[7];  /*  A  tempory  holding  place  for  an  ASCII  string.  */ 

char  l_temp[4];  /*  A  tempory  holding  place  for  a  LONG  (32  bit)  */ 

/*  INTEGERS.  */ 

char  l_cursor[4];  /*  Holds  LONG  (32  bit)  version  of  cursor.  */ 

char  x_axis(4];  /*  Holds  LONG  (32  bit)  version  of  "sample  #"  */ 

/*  displayed  in  first  column  (pixel  #2)  of  */ 

/*  graph.  */ 
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int  is_analog;  /*  Set  TRUE  for  Analog-to-Dlgital  operations.  */ 

int  is_digital;  /*  Set  TRUE  for  Digital-to-Analog  operations.  */ 

int  is_raem_mem;  /*  Set  TRUE  for  Memor y-to-Memory  transfers.  */ 

int  is_graphics;  /*  Set  TRUE  for  Graphics  operations.  */ 

int  is_clearmem;  /*  Set  TRUE  for  NULLING  Extended  Memory.  */ 

char  f ilename[ 18 ] ;  /*  Holds  "filename"  used  to  STORE  &  RETRIEVE  */ 

/*  data  to  magnetic  disk.  */ 

char  channel [ 7 ] ;  /*  Holds  ASCII  version  of  ANALOG  CHANNEL  to  */ 

/*  be  sampled.  */ 

char  rate[ 7 ] ;  /*  Holds  ASCII  version  of  SAMPLING  RATE.  */ 

char  max_rate[ 7  ] ;  /*  Holds  ASCII  version  of  MAXIMUM  SAMPLING  RATE.*/ 

char  samples[7];  /*  Holds  ASCII  version  of  total  number  of  */ 

/*  SAMPLES  to  be  taken.  */ 

char  max_samples[7] ;  /*  Holds  ASCII  version  of  maximum  number  of  */ 

/*  samples  which  can  be  stored.  */ 

char  begin_at[7];  /*  Holds  ASCII  version  of  first  sample  to  be  */ 

/*  used  during  digital-to-analog  operations.  */ 
unsigned  chan_num;  /*  Holds  BINARY  version  of  ANALOG  CHANNEL  to  */ 

/*  be  sampled.  */ 

char  rate_num[4];  /*  Holds  LONG  (32  bit)  version  of  SAMPLING  RATE.*/ 

char  start[4];  /*  Holds  LONG  (32  bit)  version  of  first  sample  */ 

/*  to  be  used  during  digital-to-analog  */ 

/*  operations.  */ 

char  finish[4];  /*  Holds  LONG  (32  bit)  version  of  last  sample  */ 

/*  to  be  used  during  digital-to-analog  */ 

/*  operations.  */ 

/ft**********************************************************************/ 

/*  NOTE:  limitlA  thru  limit8A  are  used  during  digital-to-analog  */ 

/*  operations  to  set  the  inital  extended  memory  board  to  be  used.  */ 

/************************************************************************/ 

char  limitlA[7]j  /*  Holds  ASCII  version  of  first  "sample"  stored  */ 

/*  on  extended  memory  board  #1.  */ 

char  limit2A[ 7 ] ;  /*  Holds  ASCII  version  of  last  "sample"  stored  */ 

/*  on  extended  memory  board  #1.  */ 

char  limit3A[7]j  /*  Holds  ASCII  version  of  first  "sample"stored  */ 

/*  on  extended  memory  board  #2.  */ 

char  limit4A[7];  /*  Holds  ASCII  version  of  last  "sample"  stored  */ 

/*  on  extended  memory  board  #2.  */ 

char  limit5A[ 7 ] ;  /*  Holds  ASCII  version  of  first  "sample"  stored  */ 

/*  on  extended  memory  board  #3.  */ 

char  limit6A[7];  /*  Holds  ASCII  version  of  last  "sample"  stored  */ 

/*  on  extended  memory  board  #3.  */ 

char  limit7A[7];  /*  Holds  ASCII  version  of  first  "sample"stored  */ 

/*  on  extended  memory  board  #4.  */ 

char  limit8A[7];  /*  Holds  ASCII  version  of  last  "sample"  stored  */ 

/*  on  extended  memory  board  #4.  */ 

char  crystal [ 8 ] ;  /*  Holds  ASCII  version  of  crystal  frequency  */ 

/*  used  with  STC  chip.  */ 
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char  mem_bu£fer[2048] ;  /*  Temporary  holding  place  in  loweat  64K  of  */ 

/*  memory  for  data.  Used  during  disk  I/O  and  */ 
/*  plotting  operations.  */ 


char  f rom[ 4 ] ; 
char  to[4]; 

int  volt  line; 


/*  Holds  LONG  (32  bit)  version  of  first  byte  to  */ 
/*  be  moved  during  memor y-to-memor y  transfer.  */ 

/*  Holds  LONG  (32  bit)  version  of  where  first  */ 
/*  byte  is  to  be  moved  to  during  memory-to-  */ 
/*  transfer.  */ 

/*  Used  to  control  up/down  VOLT_LINE  movement.  */ 
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/*>M************ *************** ****************************************** / 

/*  *1 

/*  NAME:  TITLE. C  */ 

/*  VERSION:  1.0  */ 

/*  DATE:  2  December  1983  */ 

/*  MODULE  NUMBER:  3  */ 

/*  FUNCTION:  Displays  program  title  (SPEECH)  and  author's  name  on  */ 

/*  CRT  screen.  */ 

/*  INPUTS:  NONE.  */ 

/*  OUTPUTS:  Programmed  "text"  displayed  on  CRT  screen.  */ 

/*  GLOBAL  VARIABLES  USED:  NONE.  */ 

/*  GLOBAL  VARIABLES  CHANGED:  NONE.  */ 

/*  FILES  READ:  NONE.  */ 

/*  FILES  WRITTEN:  NONE.  */ 

/*  MODULES  CALLED:  NONE.  */ 

/*  CALLING  MODULES:  main()  */ 

/*  */ 

/*  AUTHOR:  CAPTAIN  WILLIAM  H.  LIEBER  */ 

/*  */ 

/*  HISTORY:  AFIT  THESIS  GE/EE/84D-71 :  Development  of  a  Dedicated  */ 

/*  Speech  Work  Station.  Thesis  Advisor:  Major  Larry  Kizer.  */ 

/*  */ 

/************************************************************************/ 


/************************************************************************/ 
/*  SYMBOLIC  CONSTANTS  */ 

.  /************************************************************************/ 

^  Idefine  ESCAPE  27  /*  H-19  CRT  ASCII  "escape"  code.  */ 

Idefine  CLEARS  69  /*  H-19  CRT  ASCII  clear  the  screen  code.*/ 

/************************************************************* ***********/ 
/*  */ 

/*  FUNCTION:  TITLE( )  */ 

/*  */ 

j ****************************** ******************************************/ 

title() 

putchar(ESCAPE) ;  /*  Clear  CRT  screen.  */ 

putchar (CLEARS) ; 

/*  Display  "SPEECH"  on  CRT  screen.  */ 

printf("\n\n\n\n"); 
printf("\t  "); 

puts("XXXXXXX  XXXXXXX  XXXXXXX  XXXXXXX  XXXXXXX  XX  XX\n" ) ; 

printf("\t  "); 

puts("XXXXXXX  XXXXXXX  XXXXXXX  XXXXXXX  XXXXXXX  XX  XX\n" ) ; 

printf ( "\t  "); 

puts("XX  XX  XX  XX  XX  XX  XX  XX\n" ) ; 

printf("\t  "); 

puts("XX  XX  XX  XX  XX  XX  XX  XX\n") ; 

printf("\t  "); 

puts("XXXXXXX  XXXXXXX  XXXXX  XXXXX  XX  XXXXXXX\n" ) ; 
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puts ("XXXXXXX 
printf ( "\t 

XXXXXXX 

); 

XXXXX 

XXXXX 

XX 

XXXXXXX\n") 

puts  (  11  XX 

printf ("\t 

XX 

); 

XX 

XX 

XX 

XX 

XX\n" ) 

puts  ( "  XX 

printf ("\t  M 

XX 

) ; 

XX 

XX 

XX 

XX 

XX\n") 

puts ("XXXXXXX 
printf ("\t 

XX 

) ; 

XXXXXXX 

XXXXXXX 

XXXXXXX 

XX 

XX\n") 

puts ("XXXXXXX 

XX 

XXXXXXX 

XXXXXXX 

XXXXXXX 

XX 

XX\n" ) 

/*  Display  authors  name  on  CRT  screen.  */ 

printf ("\n\n\n\n\n\n\n\n\n") ; 

printf ("\t\t\t\t\t  by:  CAPT  WILLIAM  H.  LIEBER") ; 


sleep (40) ; 
putchar (ESCAPE) ; 
putchar (CLEARS) ; 


/*  Wait  while  user  enjoys  title.*/ 
/*  Clear  the  CRT  screen.  */ 


T 


§r. 

V 
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! ************************************************************************ ! 

/* 

*/ 

/* 

NAME:  INTRO. C 

*/ 

/* 

VERSION:  1.0 

*/ 

/* 

DATE:  2  December  1983 

*/ 

/* 

MODULE  NUMBER:  4 

*/ 

/* 

FUNCTION:  Stores  user's  name  for  future  display.  Asks  user  if 

*/ 

/* 

program  description  should  be  displayed.  Responds 

to  user's 

*/ 

/* 

yes  or  no  response. 

*/ 

/* 

INPUTS:  User  entered  commands  from  H-19  keyboard. 

*/ 

/* 

OUTPUTS:  User  prompts  displayed  on  CRT  screen. 

*/ 

/* 

GLOBAL  VARIABLES  USED:  name. 

*/ 

/* 

GLOBAL  VARIABLES  CHANGED:  name. 

*/ 

/* 

FILES  READ:  NONE. 

*/ 

/* 

FILES  WRITTEN:  NONE. 

*/ 

/* 

MODULES  CALLED:  describe(). 

*/ 

/* 

CALLING  MODULES:  main() 

*/ 

/* 

*/ 

/* 

AUTHOR:  CAPTAIN  WILLIAM  H.  LIEBER 

*/ 

/* 

*/ 

/* 

HISTORY:  AFIT  THESIS  GE/EE/84D-7 1 :  Development  of  a 

Dedicated 

*/ 

/* 

Speech  Work  Station.  Thesis  Advisor:  Major  Larry 

Kizer . 

*/ 

/* 

*/ 

/ft**********************************************************************/ 


/************************************************************************/ 
/*  SYMBOLIC  CONSTANTS  */ 

/************************************************************************ j 


#def ine 

ESCAPE 

27 

#def ine 

CLEARS 

69 

#def ine 

R  VIDEO 

Ox 

#def ine 

N  VIDEO 

Ox 

/*  H-I9  CRT  ASCII  "esc 
/*  H-19  CRT  ASCII  clea 
/*  H-19  CRT  code  for  e 
/*  H-19  CRT  code  for  e 


pe"  code. 

the  screen  code, 
ter  reverse  video  mode, 
ter  normal  video  mode. 


*/ 

*/ 

*/ 

*/ 


/************************************************************************ j 

/*  GLOBAL  VARIABLES  */ 

/****** ******************************** *********4**4************ ********* / 

^include  "speech. h"  /*  Contains  all  GLOBAL  VARIABLES.  */ 


/ ***********  ************************************************************* / 
/*  */ 

/*  FUNCTION:  INTRO()  */ 

/*  */ 

/ ************4************** ******  ******  ********************************* j 

intr o( ) 

{ 


j  *********************************************************************  j 

/*  LOCAL  VARIABLES  */ 

/ft******************************************************************** / 
int  see_intro;  /*  Holds  keyboard  response  to  getchar().*/ 

int  i;  /*  Indexing  variable  used  in  "for"  loop.*/ 
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/ *********************** ********************************************** / 

/*  STORE  USER'S  NAME  */ 

/**4^*#*****************************#*********************************/ 

puts("\nMy  name  is  MAGIC  and  I'm  your  host.\n"); 

puts("\nWhat  is  your  name?  . <CR>"); 

puts("\b\b\b\b\b\b\b\b\b\b\b\b\b\b\b\b\b\b\b\b\b\b\b\b\b\b\b\b"); 
puts("\b\b\b\b\b\b") ; 

for(i  -  0;  (c  =  getchar())  !=  '\n’  &&  i  <  NAME_MAX ;  ++i) 
name[i]  «  c; 
name [ i  ]  =  ' \0  * ; 

printf ("\nWelcome  to  SPEECH,  Zs .  \n",  name); 


/♦♦♦it*****************************************************************/ 


/*  DOES  USER  WISH  TO  SEE  THE  PROGRAM  DESCRIPTION  */ 

/************** ************************************ *******************/ 

L00P1 :  ; 

puts("\nWould  you  like  to  review  how  I  work?  [Y/N]"); 

see_intro  *»  getchar();  /*  Get  user's  command.  */ 

switch(see  intro)  {  /*  Respond  to  user's  command.  */ 

case  ’Yt:  case  ' y ' :  /*  Show  program  description  to  user.  */ 

describe(  )  ; 
break ; 

case  'N'j  case  'n':  /*  User  does  not  wish  to  see  program  */ 

break;  /*  description.  Continue.  */ 

default:  /*  Valid  command  not  provided  by  user.  */ 

printf ( "\n\nSorry  %s,  ",  name); 
puts("I  didn't  understand  what  you  said.Xn"); 
goto  L00P1; 

) 


/I***********************************************************************/ 


/* 

*/ 

/* 

NAME:  DESCRIBE. C 

*/ 

/* 

VERSION:  1.0 

*/ 

/* 

DATE:  2  Decemober  1983 

*/ 

/* 

MODULE  NUMBER:  5 

*/ 

/* 

FUNCTION:  Displays  SPEECH'S  description  and  user's 

guide  on 

*/ 

/* 

the  CRT  screen. 

*/ 

/* 

INPUTS:  User  entered  commands  from  H-19  keyboard. 

*/ 

/* 

OUTPUTS:  Programmed  "text"  displayed  on  CRT  screen. 

*/ 

/* 

GLOBAL  VARIABLES  USED:  name. 

*/ 

/* 

GLOBAL  VARIABLES  CHANGED:  NONE. 

*/ 

/* 

FILES  READ:  NONE. 

*/ 

/* 

FILES  WRITTEN:  NONE. 

*/ 

/* 

MODULES  CALLED:  NONE. 

*/ 

/* 

CALLING  MODULES:  raain(),  menu(). 

*/ 

/* 

*/ 

/* 

AUTHOR:  CAPTAIN  WILLIAM  H.  LIEBER 

*/ 

/* 

*/ 

/* 

HISTORY:  AFIT  THESIS  GE/EE/84D-71 :  Development  of  a 

Dedicated 

*/ 

/* 

Speech  Work  Station.  Thesis  Advisor:  Major  Larry 

Kizer . 

*/ 

/* 

*/ 

/************************************************************************/ 


/ ^************ *********************************************************** / 

/*  SYMBOLIC  CONSTANTS  */ 

J  ************************************************************************ / 


t define 

ESCAPE 

27 

/* 

H-19 

CRT 

ASCII  "escape"  code. 

*/ 

#def ine 

CLEARS 

69 

/* 

H-19 

CRT 

ASCII  clear  the  screen  code. 

*/ 

#def ine 

R  VIDEO 

0x70 

/* 

H-19 

CRT 

code  for  enter  reverse  video  mode. 

*/ 

#def ine 

N  VIDEO 

0x71 

/* 

H-19 

CRT 

code  for  enter  normal  video  mode. 

*/ 

/*************************** *********************************************/ 

/*  */ 

/*  FUNCTION:  DESCRIBE( )  */ 

/*  */ 

j  ************************************************************************ / 

describe( ) 

{ 

Z*************************#*******************************************/ 

/*  DISPLAY  PAGE  1  OF  TEXT  */ 

/*********************************************************************/ 

putchar(ESCAPE) ;  /*  Clear  CRT  screen.  */ 

putchar(CLEARS)  ; 

p u t s ( "  I.  GENERAL  DESCRIPTION . \n\n") ; 

puts("  SPEECH. COM's  basic  purpose  is  to  sample  an  analog  inputXn"); 

puts(”  and  place  the  quantized  digital  value  of  the  sample  in\n"); 

puts("  extended  memory.  From  there,  the  samples  may  be  graphically\n") ; 

puts("  displayed  500  at  a  time  on  the  CRT  screen  or  placed  in  more\n"); 

puts("  permanent  storage  on  a  magnetic  disk.  Previously  stored  \n"); 

puts("  samples  from  a  magnetic  disk  may  of  course  be  transf erred\n") ; 


puts(" 
puts(" 
p  u  t  s  (  " 
puts(" 
puts(" 
puts(" 
pUts(  " 
puts(" 
puts(" 
puts(  " 
puts(" 
p  u  t  s  (  " 


back  to  the  system's  extended 
of  the  eight  options  containe 
below . \n\n" ) ; 

ANALOG-TO-DIGITAL  CONVERSION. 

Analog-to-Digital  (A/D)  con 
accomplished  by  the  Analog  De 
module  is  installed  as  Integr 
This  module  has  input  pins  fo 
analog  inputs.  Any  one  of  the 
as  the  channel  to  be  sampled, 
channel  0.  NOTE  the  input  sig 
by  the  user  to  be  between  plu 


memory.  A  short  description\n  ) ; 
d  in  SPEECH.COM  are  printed  \n"); 

\n\n" ) ; 

version  (sampling)  is  \n"); 
vices  module  DAS1128.  The\n"); 
ated  Circuit  chip  number  61. \n"); 
r  16  (0  thru  15)  separate\n" ) ; 
inputs  may  be  user  selected\n") ; 
The  default  channel  is\n"); 
nal(s)  must  be  preconditioned\n" ) ; 
s  and  minus  5  volts.  During\n"); 


putchar(ESCAPE) ;  /*  Display  user  prompt  in  reverse  video.*/ 

putchar (R_VIDE0) ; 

puts( "\nPress  any  key  to  continue."); 
putchar(ESCAPE) ; 
putchar (N_VIDE0) ; 

getchar();  /*  Wait  for  key  to  be  pressed.  */ 

/*********************************************************************/ 
/*  DISPLAY  PAGE  2  OF  TEXT  */ 

/*********************************************************************/ 
putchar (ESCAPE) ;  /*  Clear  CRT  screen.  */ 

putchar (CLEARS) ; 

s("  program  operation,  the  user  selects  the  rate  (in  samples\n"); 

s("  per  second)  at  which  the  input  signal  will  be  sampled  plus\n"); 

s("  the  number  of  samples  to  be  taken  and  stored  in  extended\n") ; 

s("  memory.  NOTE  also  the  maximum  sampling  rate  allowed  is\n")s 

s("  31,700  samples  per  second  and  the  maximum  number  of\n"); 

s("  samples  storable  is  163,840.  (Five  SSM  Microcomputer  static\n"); 

s("  memory  boards  @  32K  samples  —  64K  bytes  —  per  board. )\n"); 

s("  When  an  A/D  conversion  is  requested,  the  selected\n") ; 

s("  analog  input  is  converted  to  12  bit  resolution  digital\n"); 

s ( "  values.  The  12  bits  are  in  2's  complement  format.  After\n"); 

s("  each  sampling  of  the  input  analog  signal,  first  the\n"); 

s("  lower  8  bits  are  stored  in  memory  and  then  the  higher\n"); 

s("  4  bits  are  stored.  The  two  trips  to  memory  is  due  to\n"); 

s("  the  system's  8  bit  data  bus.  The  first  memory  location\n" ) ; 

s("  used  for  storage  is  always  memory  address  0  of  the\n"); 

s("  first  extended  memory  board.  The  controlling  devices\n"); 

s("  during  A/D  conversion  are  (1)  Advanced  Micro  Devices\n"); 

s("  AM9517A  Multimode  Direct  Memory  Access  (DMA)  Controller  , \n" ) ; 

s("  installed  as  Integrated  Circuit  chip  #27,  and\n"); 

s("  (2)  Advanced  Micro  Devices  AM9513  System  TimingXn"); 

s("  Controller  (STC),  installed  as  Integrated  Circuit\n"); 

s("  chip  #17. \n"); 

putchar (ESCAPE) ;  /*  Display  user  prompt  in  reverse  video.*/ 

putchar (R_VIDE0) ; 

puts("\nPress  any  key  to  continue."); 
putchar(ESCAPE) ; 
putchar(N_VIDEO) ; 

getchar();  /*  Wait  for  key  to  be  pressed.  */ 


/*********************************************************************/ 
/*  DISPLAY  PAGE  3  OF  TEXT  */ 

/*********************************************************************/ 

putchar ( ESCAPE) ;  /*  Clear  CRT  screen.  */ 

putchar (CLEARS) ; 


puts(" 
puts(” 
puts(  " 
puts(  " 
puts(" 
puts(" 
puts(" 
p  u  t  s  (  " 
p  u  t  s  (  " 
p  u  t  s  (  " 
puts(" 
pUts(  " 
p  u  t  s  (  " 
puts(" 
puts(" 
puts(" 
puts(  " 
puts(  " 
puts(  " 


2.  DIGITAL-TO-ANALOG  CON VERSION . \n\n" ) ; 

Digital-to-Analog  (D/A)  conversion  is  accomplished  by  the\n"); 
Analog  Devices  module  DAC1118.  The  module  is  installed  as\n")  ; 
Integrated  Circuit  chip  #45  and  uses  12  bit  resolution\n" ) ; 
digital  values  to  produce  a  single  analog  signal.  The  12\n"); 
bits  are  in  2's  complement  format  and  form  an  analog  output\n"); 
value  between  plus  and  minus  5  volts.  As  with  A/D  sampling , \n" ) ; 
two  trips  to  memory  are  required  to  bring  the  12  bits  to\n"); 
the  D/A  module.  The  12  bits  are  latched  until  the  strobe\n"); 
clock  pulse  is  received.  Under  software  control,  the  system\n"); 
user  selects  the  first  and  last  samples  to  be  converted  by\n"); 
the  module.  An  output  delay  occurs  when  the  first  sample\n"); 
selected  is  not  near  the  beginning  of  an  extended  memory\n"); 
board.  This  is  because  the  D/A  output  process  only  knows\n"); 
how  to  start  counting  bytes  when  starting  at  the  beginning\n" ) ; 
of  an  extended  memory  board.  Therefore,  an  output  delay  is\n"); 
experienced  as  the  program  by-passes  unrequested  samples . \n" ) ; 
The  AM9517A  DMA  and  AM9513  STC  are  the  controlling  devices\n"); 
during  D/A  con version . \n" ) ; 


putchar(ESCAPE) ; 
putchar (R_VIDEO) ; 
puts( "\nPress  any 
putchar (ESCAPE)  ; 
putchar (N_V  I DEO) ; 
getchar (  )  ; 


/*  Display  user  prompt  in  reverse  video.*/ 
key  to  continue."); 


/*  Wait  for  key  to  be  pressed.  */ 


/  ********************************************************************* j 
/*  DISPLAY  PAGE  4  OF  TEXT  */ 
/*********************************************************************/ 

putchar ( ESCAPE) j  /*  Clear  CRT  screen.  */ 
putchar (CLEARS)  ; 


puts(" 
puts(" 
puts(  " 
p  u  t  s  (  " 

p  U  t  8  (  " 

puts( " 
p  u  t  s  (  " 
puts(  " 
p  u  t  s  (  " 
puts(" 
puts( " 
puts(  " 
puts(" 
puts(  " 


3.  STORE  DATA  ON  MAGNETIC  DISK . \n\n")  ; 

After  performing  an  A/D  conversion,  the  user  may  select\n"); 
to  place  the  collectd  data  samples  on  magnetic  disk  for\n"); 

storage.  The  transfer  of  data  is  always  to  the  disk  inserted\n") ; 

in  drive  B.  A  maximum  of  327,680  bytes  (the  capacity  of  all\n"); 
extended  memory  boards  combined)  can  be  placed  on  magnetic\n" ) ; 
disk  during  one  command.  The  program  transfers  the  data\n") ; 
samples  in  blocks  of  2048  bytes  by  using  a  transparent  data\n"); 
buffer.  Data  is  first  moved  from  extended  memory  to  the  data\n"); 

buffer  in  LO  memory,  and  then  to  the  magnetic  disk.  The\n"); 

data  may  be  placed  under  any  filename  selected  by  the  user.\n")j 
The  default  filename  is  DATA. ONE.  The  AM9517A  DMA  chip  is\n"); 
used  to  transfer  the  data  between  HI  memory  (memory  located\n") ; 
above  the  first  64K)  and  LO  memory  (the  first  64K).\n"); 
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putchar (ESCAPE) ;  /*  Display  user  prompt  in  reverse  video.*/ 

putchar ( R_VIDEO) ; 

puts("\nPress  any  key  to  continue."); 
putchar( ESCAPE) ; 
putchar( N_V I D  E 0 ) ; 

getchar();  /*  Wait  for  key  to  be  pressed.  */ 


/*  DISPLAY  PAGE  5  OF  TEXT  */ 

/*********************************************************************/ 

putchar (ESCAPE) ;  /*  Clear  CRT  screen.  */ 

putchar (CLEARS) ; 

puts("  4.  RETRIEVE  DATA  FROM  MAGNETIC  DISK.\n\n"); 

p u t s ( "  Data  stored  on  magnetic  disk  may  be  placed  in  extended\n")  ; 

puts("  memory  for  use  by  other  program  options.  The  transfer  of\n"); 

puts("  data  samples  is  done  in  blocks  of  2048  bytes  by  using  a\n"); 

puts("  transparent  data  buffer.  The  data  samples  are  first  moved\n"); 

puts("  from  the  magnetic  disk  to  a  data  buffer  in  L0  memory.  The\n"); 

puts("  2048  byte  block  of  data  is  then  transferred  to  extended\n") ; 

puts("  memory,  beginning  with  byte  address  0  of  the  first  extended\n"  )  ; 

puts("  memory  board.  The  AM9517A  DMA  chip  is  used  to  transfer  the\n"); 

puts("  data  between  HI  memory  (memory  located  above  the  first  64K)\n"); 

puts("  and  L0  memory  (the  first  64K ) . \n\n" ) ; 

putchar(ESCAPE) j  /*  Display  user  prompt  in  reverse  video.*/ 

putchar (R_VIDE0) ; 

puts ( "\nPress  any  key  to  continue."); 
putchar ( ESCAPE) ; 
putchar(N_VIDEO) ; 

getchar();  /*  Wait  for  key  to  be  pressed.  */ 


/*********************************************************************/ 

/*  DISPLAY  PAGE  6  OF  TEXT  */ 

/************************************************************♦********/ 
putchar(ESCAPE) ;  /*  Clear  CRT  screen.  */ 

putchar (CLEARS) ; 

puts("  5.  USE  GRAPHICS  TO  DISPLAY  DATA . \n\n" )  ; 

puts("  Once  an  analog  signal  has  been  sampled,  it  can  be  displayed\n") ; 

puts("  graphically  on  the  CRT  screen  in  blocks  of  500  samples . \n” ) ; 

puts("  The  high  resolution  graphics  pacnsge  contained  in  the  CRT\n"); 

puts("  terminal  allows  this  to  be  done.  The  user  selects  the  first\n"); 

puts("  sample  of  the  500  sample  block  to  be  displayed.  The\n"); 

puts("  corresponding  1000  bytes  (2  bytes  per  data  sample)  are  then\n"); 

puts("  transferred  by  the  AM9517A  DMA  chip  to  the  transparent  data\n"); 

puts("  buffer.  These  1000  bytes  are  converted  to  the  500  y-axix\n"); 

puts("  values  required  for  plotting.  Once  plotted  a  horizontal  axis\n") ; 

puts("  cursor  allows  selection  of  a  begining  and  ending  sample\n"); 

puts("  for  output  by  the  D/A  module.  The  begining  and  ending  sample\n"); 

puts("  need  not  be  from  the  same  500  sample  plot.  Cursor  movements\n") ; 

puts("  in  step  of  1,  25,  100,  and  500  samples  are  allowed . \n" ) ; 

puts("  Additionally,  a  vertical  axis  (voltage  line)  cursor  can  be\n"); 

puts("  moved  in  steps  of  1  and  20  pixels  (20  pixels  =  1  volt)  to\n") ; 

puts("  judge  relative  heights  of  the  plotted  data  samples.  All\n"); 

puts("  options  are  user  prompted  on  the  CRT  screen  along  with  the\n"); 

p  u  t  s ( "  graph. \n"); 
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putchar ( ESCAPE) ; 
putchar( R_V I  DEO) ; 
puts("\nPress  any  key 
putchar ( ESCAPE) ; 
putchar( N_VIDEO) ; 
getchar(  )  ; 


/*  Display  user  prompt  in  reverse  video.*/ 
to  continue  .  ")  ; 


/*  Wait  for  key  to  be  pressed. 


*/ 


puts ( " 
p  u  t  s  (  " 
puts( " 
puts( " 
puts( " 
puts ( " 
p  u  t  s  (  " 
p  u  t  s  (  " 
p  u  t  s  (  " 
puts(" 
puts( " 
pu  t  s ( " 
p  u  t  s  (  " 
puts(" 
p  u  t  s  (  " 


8. 


putchar ( ESCAPE) ;  /*  Clear  CRT  screen, 

putchar (CLEARS) j 
puts("  6.  TRANSMIT  DATA  TO/FROM  THE  ECLIPSE . \n\n" )  ; 

This  option  was  not  written  as  part  of  the  thesis  effort. \n"); 
Space  was  reserved,  however,  in  the  S-100  open  frame  for  a\n"); 
TU-ART  board  which  can  be  used  to  transfer  data  between  the\n"); 
CROMENCO  S-100  microcomputer  system  and  the  NOVA/ECLISPE\n" ) ; 
minicomputer  system. \n\n"); 

REVIEW  THE  INTRODUCTION . \n\n" )  ; 

This  option  allows  the  user  to  review  the  basic  workings\n" )  ; 
of  the  program  whenever  the  user  wishes.  Once  the  review  is\n"); 
completed,  the  program  MENU  is  redisplayed  to  the  user  on\n") ; 
the  CRT  screen . \n\n")  ; 

EXIT  THE  PROGRAM. \n\n"); 

This  option  is  used  whenever  all  other  actions  are  done\n") ; 
by  the  user.  This  option  displays  a  good-bye  message  to  the\n"); 
user  and  causes  a  control  word  to  be  set  which  results  in\n"); 
the  operating  system  prompt  (A.)  being  redisplayed . \n" ) ; 
putchar ( ESCAPE) ;  /*  Display  user  prompt  in  reverse  video.*/ 

putchar(R_VIDEO) ; 

puts( "\nPr ess  any  key  to  continue."); 
putchar (ESCAPE); 
putchar ( N_VIDEO)  ; 

getchar();  /*  Wait  for  key  to  be  pressed.  */ 

/*********************************************************************/ 
/*  DISPLAY  PAGE  8  OF  TEXT  */ 

/*********************************************************************/ 
putchar(ESCAPE) ;  /*  Clear  CRT  screen.  */ 

putchar(CLEARS); 

USER'S  GUIDE. \n\n") ; 

Turn  system  power  on.\n\n"); 

2.  Place  a  diskette  containing  SPEECH.COM  and  the  operating\n" ) ; 
system  in  drive  A  .  \ n \ n " ) ; 

3.  Place  a  second  diskette  in  drive  B.  The  second  d iskette\n" ) ; 
is  used  for  data  storage  and  retrieval.  If  used  for  data\n"); 
storage,  the  diskette  must  be  able  to  store  a  number  of  \n"); 
bytes  equal  to  twice  the  number  of  data  samples  taken. \n"); 
Recall  that  the  maximum  number  of  bytes  taken  by  SPEECH . C0M\n" ) ; 
is  327,680  bytes  (  163,840  samples).  If  used  for  retrieval , \n" )  ; 
the  diskette  must  contain  previously  stored  data.\n\n"); 

Boot  the  system  by  pressing  the  keyboard  RETURN  key  four\n") ; 
times.  You  may  alternately  press  the  keyboard  RETURN  and\n") ; 
REPEAT  keys  siraul taneously . \n\n" ) ; 

When  the  system  prompt  (A.)  appears,  type:  SPEECH  <CR>.\n\n"); 


puts("II 

,  . 

p  u  t  s  (  " 

1. 

puts(" 

2. 

p  u  t  s  (  " 

p  u  t  s  (  " 

3. 

p  u  t  s  (  " 

puts(" 

puts  (  " 

puts  (  " 

puts(" 

puts( " 

puts(  " 

4. 

p  u  t  s  (  " 

puts(  " 

p  u  t  s  (  " 

5. 
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putchar( ESCAPE) ; 
pu t char ( R_VI DEO) ; 
puts( "\nPress  any  key  to 
putchar(ESCAPE) ; 
putchar (N_VIDEO) ; 
getchar ( ) ; 


/*  Display  user  prompt  in  reverse  video.*/ 
continue.")  ; 


/*  Wait  for  key  to  be  pressed. 


*/ 


/*********************************************************************/ 

/*  DISPLAY  PAGE  9  OF  TEXT  */ 

/**************************************************’ *******************/ 

putchar ( ESCAPE) ;  /*  Clear  CRT  screen.  */ 

putchar (CLEARS) ; 


puts( " 
p  u  t  s  (  " 
puts(" 
puts(" 
p  u  t  s  (  " 
puts(" 
puts(  " 
puts(" 
puts(  " 
pUts( " 
p  u  t  s  (  " 
p  u  t  s  (  " 
puts(" 
puts(  " 
puts(  " 
p  u  t  s  (  " 
p  u  t  s  (  " 
puts(" 
puts(" 


6.  The  SPEECH  program  is  now  loaded  and  operating.  The  \n"); 
program  is  user  friendly  and  will  prompt  the  user  at  all\n"); 
decision  points . \n\n" ) ; 

7.  First,  the  user  may  personalize  the  program  by  entering  the\n") 
user's  name  when  asked  at  the  beginning  of  the  program . \n\n" ) ; 

8.  Next  the  user  will  be  given  an  opportunity  to  review  how\n"); 
SPEECH.COM  works.  A  yes  or  no  response  is  solicated  with\n"); 
the  program  responding  accordingly . \n\n") ; 

9.  Finally,  SPEECH. COM's  \"MENU\"  will  be  displayed.  The  menu\n") 
gives  the  user  a  choice  of  eight  options : \n" ) ; 

a.  Do  an  ANALOG-TO-DIGITAL  con  version  . \n"  )  ; 

b.  Do  a  DIGITAL-TO-ANALOG  conversion. \n") ; 

c.  STORE  data  on  magnetic  disk.\n"); 

d.  RETRIEVE  data  from  magnetic  disk.\n"); 

e.  Use  GRAPHICS  to  display  data.\n"); 

f.  TRANSMIT  data  to  the  Eclispse . \n" ) ; 

(Not  written  as  part  of  AFIT  THESIS  GE/EE/83D-38 . ) \n" ) ; 

g.  Review  the  INTRODUCTION . \n" )  ; 

h.  EXIT  the  progr am . \n" ) ; 


putchar (ESCAPE) ; 
putchar ( R_VIDE0  ) ; 
puts("\nPress  any 
putchar ( ESCAPE) ; 
put  char ( N_VIDE0) ; 
getchar (  )  ; 


/*  Display  user  prompt  in  reverse  video.*/ 
key  to  continue."); 

/*  Wait  for  key  to  be  pressed.  */ 


/♦It*******************************************************************/ 

/*  DISPLAY  PAGE  10  OF  TEXT  */ 

/********************************************************************* j 

putchar (ESCAPE) ;  /*  Clear  CRT  screen.  */ 

putchar(CLEARS)  ; 


puts(  " 

10. 

Af  te 

r  coraple 

ting 

puts(  " 

the 

\"MENU\" 

1  s 

P  U  t  8  (  " 

can 

then  be 

ente 

p  U  t  S  (  " 

11. 

When 

the  use 

r  is 

p  U  t  s  (  " 

will 

reappea 

r  on 

puts(  " 

12. 

Remo 

ve  all  d 

iske 

puts(" 

sess 

ion  is  c 

ompl 

PU  t  8 (  " 

\nTHAT  CONCLUDES 

THE 

p  u  t  s  (  " 

NOW 

ON  TO 

THE  MENU . \n 

any  menu  option  (except  o 
redisplayed  to  the  user, 
red . \n\n" ) ; 

finished,  type  \"E\"  and 
the  CRT  screen. \n\n") ; 
ttes,  turn  off  all  system 
eted . \n") ; 

INTRODUCTION  TO  \"SPEECH\" 
\  n  " ) ; 


f  course  EXIT),\n"); 
Another  choice\n"); 

the  system  prompt\n" 

power,  and  the\n"); 

•  \n")  ; 


) 


putchar ( ESCAPE) ; 
pu t char ( R_VI DEO) ; 
puts( ”\nPress  any  key 
putchar(ESCAPE) ; 
putchar ( N_VIDEO) ; 
getchar ( ) ; 

) 


/*  Display  user 
to  continue.”); 

/*  Wait  for  key 


rompt  in  reverse  video. 


o  be  pressed. 


*■  i r'  ?7  v7  9_-  ^7-  *77  V  *«T  V  ■.'"* 


/t^*********************#***********#**#*****#*****************#**#*****/ 
/*  */ 
/*  NAME:  DEFAULTS. C  */ 
/*  VERSION:  1.0  */ 
/*  DATE:  2  December  1983  */ 
/*  MODULE  NUMBER:  6  */ 
/*  FUNCTION:  Initializes  specified  GLOBAL  VARIABLES  to  default  */ 
/*  values.  */ 
/*  INPUTS:  NONE.  */ 
/*  OUTPUTS:  NONE.  */ 
/*  GLOBAL  VARIABLES  USED:  exit,  is_analog,  is_digital,  is_mem_mem,*/ 
/*  is_graphics,  is_clearmem,  channel,  rate,  max_rate,  samples,  */ 
/*  max_samples,  begin_at,  crystal,  filename,  limitlA,  limit2A,  */ 
/*  limit3A ,  limit4A,  limitSA,  limit6A,  limit7A,  limit8A.  */ 
/*  GLOBAL  VARIABLES  CHANGED:  See  GLOBAL  VARIABLES  USED.  */ 
/*  FILES  READ:  NONE.  */ 
/*  FILES  WRITTEN:  NONE.  */ 
/*  MODULES  CALLED:  NONE.  */ 
/*  CALLING  MODULES:  raain().  */ 
/*  */ 
/*  AUTHOR:  CAPTAIN  WILLIAM  H.  LIEBER  */ 
/*  */ 
/*  HISTORY:  AFIT  THESIS  GE/EE/84D-71 :  Development  of  a  Dedicated  */ 
/*  Speech  Work  Station.  Thesis  Advisor:  Major  Larry  Kizer.  */ 
/*  */ 
/**************** *****^*** *********************************************** / 


/************************************************************************/ 
/*  SYMBOLIC  CONSTANTS  */ 

/ ************************************************************************ / 
#def ine  FALSE  0  /*  Logic  "false"  is  a  zero.  */ 

/************************************************************************/ 
/*  GLOBAL  VARIABLES  */ 

/************************************************************************/ 
#include  "speech. h"  /*  Contains  all  GLOBAL  VARIABLES.  */ 

/*******************************************************♦****************/ 
/*  */ 

/*  FUNCTION:  SET_DEFAULTS( )  */ 

/*  */ 

/************************************************************************/ 
set_defaults( ) 

( 

exit  -  FALSE; 
is_analog  -  FALSE; 
is_digital  »  FALSE; 
is_raem_mem  »  FALSE; 
is_graphics  ■  FALSE; 
is_clearmem  «  FALSE; 
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channel[0] 
channel [ 1 ] 

rate[0]  = 
rate[l]  =• 
rate[2]  = 
rate[3]  = 
rate[4]  = 
rate[5]  = 


'O'  ; 

'  \0 ' ; 


max_rate[0]  » 
max_rate[l]  *■ 
max_rate[2]  = 
max__rate[3]  = 
max__rate[4]  = 
max_rate[5]  = 

samples[0]  =  ' 
samples[l]  »  '( 
samples[2]  »  '! 
samples[3]  =  'I 
samples[4]  =  ' < 
samples[5]  =  '( 
samples[6]  =  " 

max_samples [ 0 ] 
max_samples  [  1  ] 
max_samples[ 2 ] 
max__samples[3] 
max_samples[ 4 ] 
max_samples[  5 ] 
max__aamples[  6  ] 

begln_at[0]  ■  ' 
begin_at[l]  «=  1 

crystal[0]  -  'i 
crystal[l]  **  '( 
crystal[2]  -  '( 
crystal[3]  =  '( 
crystal[4]  =  '( 
crystal[5]  «  '1 
crystal[6]  =*  '( 
crystal[7]  -  '' 

filenamefO]  •* 
fllename[l]  - 
filename[2]  » 
filenarae[3]  - 
filenarae[4]  « 
filenarae[5]  - 
filename[6]  = 
filename[7]  - 
filename[8]  ■ 
filename[9]  - 
filename[10]  - 


/*  Default  analog  channel  to  sample 
/*  from  is:  0. 

/*  Default  sampling  rate  is:  10,000. 
/*  (Samples  per  second.) 


/*  Maximum  sampling  rate  is:  31,700. 
/*  (Samples  per  second.) 


/*  Default  number  of  samples  to  be 
/*  taken  is:  163,840. 


/*  Maximum  number  of  samples  which  can  */ 
/*  be  stored  in  memory  is:  163,840.  */ 


/*  Default  Digi tal-to-Analog  samples  to  */ 
/*  be  by-passed  is:  1.  */ 

/*  The  STC  crystal  frequency  is:  */ 

/*  4,000,010  hertz.  */ 


/*  Default  filename  is:  B:DATA.0NE 
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limitlA[0] 

at 

'O'  ; 

'\0'; 

/* 

The  first  sample  on  memory  board  #1 

*/ 

limitl A[ 1 ] 

3 

/* 

is:  0. 

*/ 

limit2A[0] 

'3'; 

/* 

The  last  sample  on  memory  board  11 

*/ 

limit2A[ 1 ] 

at 

’  2  ’  ; 

/* 

is:  32,768. 

*/ 

limit2A[ 2  ] 

B 

'7'; 

limi t2A [ 3 ] 

3 

'6'; 

limit2A[4] 

- 

•8’; 

limit2A[ 5 ] 

* 

'  \0 ' ; 

limit3A[ 0 

'3'; 

/* 

The  first  sample  on  memory  board  #2 

*/ 

limi t3A  1 

B 

•2'; 

/* 

is:  32,769. 

*/ 

limi t3A[ 2 

3 

'7'; 

limi t3A[ 3 

3 

*6'; 

limi t3A[ 4 ' 

S 

•9'  j 

limit3A[ 5 

'  \0 '  ; 

limit4A[0] 

a 

'6'; 

/* 

The  last  sample  on  memory  board  #2 

*/ 

limit4A[ 1 ] 

B 

'5'; 

/* 

is :  65 , 536 . 

*/ 

limit4A[ 2  ] 

a 

1  5 » ; 

limi t4A[ 3  ] 

m 

'3'; 

limit4A[ 4 ] 

at 

'6'; 

limi t4A[ 5 ] 

m 

'  \0  *  5 

limit5A[ 0] 

a 

•6'; 

/* 

The  first  sample  on  memory  board  #3 

*/ 

limit5A[ 1  ] 

m 

'5'; 

/* 

is:  65,537. 

*/ 

limit5A[ 2  ] 

at 

'5'; 

Hmit5A[  3  ] 

m 

'3'; 

limit5A[4 ] 

m 

'7'; 

limlt5A[ 5  ] 

m 

*  \  0  *  ; 

limit6A[0] 

m 

'9'  ; 

/* 

The  last  sample  on  memory  board  #3 

*/ 

limit6A[ 1  ] 

a 

'8'; 

/* 

is:  98,304. 

*/ 

limi t6A[ 2  ] 

a 

'3'; 

limit6A[ 3 ] 

a 

'O'  ; 

limit6A[4  j 

a 

*4'; 

limit6A [ 5 ] 

a 

*  \  0  *  ; 

limit7A[0 

a 

'9'; 

/* 

The  first  sample  on  memory  board  #4 

*/ 

Hmit7A[  1 

a 

•8'; 

/* 

is:  98,305. 

*/ 

limit7A[ 2 

a 

'3'; 

limit7A[ 3 

a 

'O'  ; 

limit7A [ 4 

a 

'5'; 

limlt7A[ 5 

a 

'NO'; 

limit8A[0] 

a 

'I'j 

/* 

The  last  sample  on  memory  board  #4 

*/ 

limi t8A[ 1  j 

a 

'3'; 

/* 

is:  131,072. 

*/ 

limit8A[ 2 ] 

a 

•l's 

llmit8A[ 3  ] 

a 

'O'; 

limi t8A [ 4  ] 

a 

'7'; 

limit8A[ 5 ] 

a 

'2'; 

limit8A[ 6  j 

a 

'  \0 '  ; 
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*************************************************************************/ 


/*  */ 

/*  NAME:  MENU . C  */ 
/*  VERSION:  1.0  */ 
/*  DATE:  2  December  1983  */ 
/*  MODULE  NUMBER:  7  */ 
/*  FUNCTION:  Prompts  user  with  "menu  of  commands"  available  in  */ 
/*  SPEECH.  Implements  user's  response.  */ 
/*  INPUTS:  User  entered  commands  from  H-19  keyboard.  */ 
/*  OUTPUTS:  User  prompts  displayed  on  CRT  screen.  */ 
/*  GLOBAL  VARIABLES  USED:  name.  */ 
/*  GLOBAL  VARIABLES  CHANGED:  NONE.  */ 
/*  FILES  READ:  NONE.  */ 
/*  FILES  WRITTEN:  NONE.  */ 
/*  MODULES  CALLED:  analogO,  digital()f  store(),  retrieve(),  */ 
/*  graphicsQ,  describe(),  quit().  */ 
/*  CALLING  MODULES:  main()  */ 
/*  */ 
/*  AUTHOR:  CAPTAIN  WILLIAM  H.  LIEBER  */ 
/*  */ 
/*  HISTORY:  AFIT  THESIS  GE/EE/84D-71 :  Development  of  a  Dedicated  */ 
/*  Speech  Work  Station.  Thesis  Advisor:  Major  Larry  Kizer.  */ 
/*  */ 
/*******************************>M*************************************** / 


/*t********************************************************************** / 

/*  SYMBOLIC  CONSTANTS  */ 
/  *  ^  ****************************************************************  / 
#def ine  ESCAPE  27  /*  H-19  CRT  ASCII  "escape"  code.  */ 
#def ine  CLEARS  69  /*  H-19  CRT  ASCII  clear  the  screen  code.  */ 
#define  R_VIDE0  0x70  /*  H-19  CRT  code  for  enter  reverse  video  mode.  */ 
Idefine  N  VIDEO  0x71  /*  H-19  CRT  code  for  enter  normal  video  mode.  */ 


/************************************************************************/ 
/*  GLOBAL  VARIABLES  */ 

/************************************************************************/ 
#include  "speech. h"  /*  Contains  all  GLOBAL  VARIABLES.  */ 


/************************************************************************/ 
/*  */ 

/*  FUNCTION:  MENU( )  */ 

/*  */ 


/************************************************************************/ 
menu  (  ) 

( 

/*********************************************************************/ 
/*  LOCAL  VARIABLES  */ 

/*********************************************************************/ 
int  choose  one;  /*  Holds  keyboard  response  to  getchar().*/ 


/*********************************************************************/ 

/*  DISPLAY  "MENU  OF  COMMANDS"  TO  USER  */ 

f ********************************************************************* / 

putchar (ESCAPE) ;  /*  Clear  CRT  screen.  */ 

putchar(CLEARS)  ; 

LOOP2:  ;  /*  Display  "menu  of  commands"  on  CRT  */ 

puts("\n\t") ;  /*  screen.  */ 

putchar ( ESCAPE) ; 
putchar ( R_V I DEO) ; 
prlntf("%s  ",  name); 
puts( "THIS  IS  SPEECH'S  MENU:"); 
putchar (ESCAPE) ; 
putchar (N_VIDEO) ; 


puts("\n\nDo  an  ANALOG-to-DIGITAL  conversion . Press  A.\n"); 

puts("\nDo  a  DIGITAL-to-ANALOG  conversion . Press  D.\n"); 

puts(  "\nSTORE  data  on  magnetic  disk . Press  S.\n"); 

puts( "\nRETRIEVE  data  from  magnetic  disk . Press  R.\n"); 

puts("\nUse  GRAPHICS  to  display  data . . . Press  G.\n"); 

puts( "\nTRANSMIT  data  to/from  Eclipse.. . Press  T.\n"); 

puts( "\nReview  the  INTRODUCTION . Press  I.\n"); 

puts("\nEXIT  the  program . . . Press  E.\n"); 


puts("\n\n\n\n") ;  /*  Prompt  user  to  enter  a  command.  */ 

putchar ( ESCAPE) ; 
putchar (R_VIDEO) ; 

puts("Please  enter  your  choice."); 
putchar(ESCAPE) ; 
putchar (N_VIDEO) ; 

/*****^*********** ********************************************* *******/ 

/*  RESPOND  TO  USER’S  COMMAND  */ 

/*********************************************************************/ 
choose_one  »  getchar();  /*  Get  user's  command.  */ 

switch(choose__one) {  /*  Respond  to  user's  command.  */ 

case  'A':  case  'a':  /*  Do  an  ANALOG-to-DIGITAL  conversion.  */ 

analog(  )  ; 
break; 

case  'D':  case  'd':  /*  Do  a  DIGITAL-to-ANALOG  conversion.  */ 

digital()  ; 
break ; 

case  'S';  case  's':  /*  STORE  data  on  magnetic  disk.  */ 

store (  )  ; 
break ; 

case  'R':  case  ’r’:  I*  RETRIEVE  data  from  magnetic  disk.  */ 

retrieve( ) ; 

case  'G':  case  'g':  /*  Use  GRAPHICS  to  display  data.  */ 

graphics( ) ; 
break ; 

case  'T':  case  't':  /*  TRANSMIT  data  to  Eclispse.  */ 

puts("\nCase  T  will  not  be  written  for  this  thesis. \n"); 
sleep(60)  ; 
break ; 


A-21 


case  'I':  case  * i * :  /*  Review  the  INTRODUCTION. 

describe( ) ; 
break ; 

case  'E':  case  'e':  /*  EXIT  the  program, 

quit (  )  ; 
break ; 

default:  /*  User  didn't  enter  a  valid  command, 

putchar ( ESCAPE) ;  /*  Clear  CRT  screen  and  reprompt  user 

putchar(CLEARS) ; 
printf ("Sorry  %s,  ",  name); 

puts("I  didn't  understand  what  you  said.\n"); 

goto  L00P2;  /*  Go  wait  for  another  command. 


/  l^i^4*******  **************************************************************  / 


/*  */ 

/*  NAME:  QUIT . C  */ 

/*  VERSION:  1.0  */ 

/*  DATE:  2  December  1983  */ 

/*  MODULE  NUMBER:  8  */ 

/*  FUNCTION:  Displays  goodbye  message  to  user  on  CRT  screen  and  */ 

/*  exits  program.  */ 

/*  INPUTS:  NONE.  */ 

/*  OUTPUTS:  Programmed  "text”  displayed  on  CRT  screen.  */ 

/*  GLOBAL  VARIABLES  USED:  name,  exit.  */ 

/*  GLOBAL  VARIABLES  CHANGED:  exit.  */ 

/*  FILES  READ:  NONE.  */ 

/*  FILES  WRITTEN:  NONE.  */ 

/*  MODULES  CALLED:  NONE.  */ 

/*  CALLING  MODULES:  menu(),  analogO,  digital(),  graphics().  */ 

/*  */ 

/*  AUTHOR:  CAPTAIN  WILLIAM  H.  LIEBER  */ 

/*  */ 

/*  HISTORY:  AFIT  THESIS  GE/EE/834-71 :  Development  of  a  Dedicated  */ 

/*  Speech  Work  Station.  Thesis  Advisor:  Major  Larry  Kizer.  */ 

/*  */ 

/*4^*4^****************4^*****4^* ****************************************/ 

/************************************************************************/ 

/*  SYMBOLIC  CONSTANTS  */ 

/************************************************************************/ 

#def ine  ESCAPE  27  /*  H-19  CRT  ASCII  "escape"  code.  */ 

#deflne  CLEARS  69  /*  H-19  CRT  ASCII  clear  the  screen  code.*/ 

#def ine  BELL  7  /*  H-19  CRT  ASCII  bell  code.  */ 

fdefine  TRUE  1  /*  Logic  "true"  is  a  1 .  */ 

/*********************************************#*****#****#*************** / 

/*  GLOBAL  VARIABLES  */ 

/************************************************************************/ 

^include  "speech. h"  /*  Contains  all  GLOBAL  VARIABLES.  */ 

/*#****#***********************#*********♦*******************************/ 
/♦  */ 

/*  FUNCTION:  QUIT  */ 

/*  */ 

/************************************************************************/ 
quit() 

{ 

putchar (ESCAPE) ;  /*  Clear  CRT  screen  and  display  goodbye  */ 

putchar (CLEARS) ;  /*  message  to  user.  */ 


puts("\nBYEl \n") ; 

putchar (BELL) ;  /*  Ring  Bell.  */ 

exit  -  TRUE;  /*  Enable  program  to  return  to  */ 

/*  operating  system.  */ 

) 
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/************************************************************************/ 


/*  */ 

/*  NAME:  ANALOG. C  */ 
/*  VERSION:  1.0  */ 
/*  DATE:  2  December  1983  */ 
/*  MODULE  NUMBER:  9  */ 
/*  FUNCTION:  Performs  analog-to-digital  conversion  of  analog  */ 
/*  input.  User  selects  "analog  channel"  to  be  sampled  (1  of  16),  */ 
/*  data  "sampling  rate",  and  total  "number  of  samples"  to  be  */ 
/*  taken.  */ 
/*  INPUTS:  (1)  User  entered  commands  from  H-19  keyboard.  */ 
/*  (2)  Analog  input  to  A/D  module  (DAS  1128,  IC  #61).  */ 
/*  OUTPUTS:  User  prompts  displayed  on  CRT  screen.  */ 
/*  GLOBAL  VARIABLES  USED:  is_analog,  chan_num.  */ 
/*  GLOBAL  VARIABLES  CHANGED:  is_analog.  */ 
/*  FILES  READ:  NONE.  */ 
/*  FILES  WRITTEN:  NONE.  */ 
/*  MODULES  CALLED:  clearraen(),  input(),  dma(),  timing(),  quit(),  */ 
/ *  wait ( ) .  */ 
/*  CALLING  MODULES:  menu().  */ 
/*  */ 
/*  AUTHOR:  CAPTAIN  WILLIAM  H.  LIEBER  */ 
/*  */ 
/*  HISTORY:  AFIT  THESIS  GE/EE/84D-71 :  Development  of  a  Dedicated  */ 
/*  Speech  Work  Station.  Thesis  Advisor:  Major  Larry  Kizer.  */ 
/*  */ 


/************************************************************************/ 


/************************************************************************ / 

/*  SYMBOLIC  CONSTANTS  */ 

/t*******^***************************************************************/ 


#def ine 

ESCAPE 

27 

/* 

#def ine 

CLEARS 

69 

/* 

#def ine 

CLEARH 

OxCO 

/* 

#def ine 

BELL 

7 

/* 

#def ine 

R  VIDEO 

0x70 

/* 

#def ine 

N  VIDEO 

0x71 

/* 

#def ine 

STC_C 

0x11 

/* 

/* 

#def ine 

RUN 

0x30 

/* 

#def ine 

RESET 

OxFF 

/* 

#def ine 

A_MUX 

OxAO 

/* 

/* 

#def ine 

EXTENDED 

0x70 

/* 

#def ine 

BOARD  1 

0x01 

/* 

#def ine 

A_T0_D 

0x60 

/* 

/* 

#def ine 

TOGGLE 

0 

/* 

/* 

/* 

#def ine 

TRUE 

1 

/* 

#def ine 

FALSE 

0 

/* 

H-19  CRT  ASCII  "escape"  code. 

H-19  CRT  ASCII  clear  screen  code. 

Address  which  resets  hardware. 

H-19  CRT  ASCII  ring  bell  code. 

H-19  CRT  code  -  enter  reverse  video  mode. 
H-19  CRT  code  -  enter  normal  video  mode. 
Address  for  System  Timing  Controller  (STC)*/ 
chip  select  -  control  register  transfer.*/ 


*/ 

*/ 

*/ 

*/ 

*/ 

*/ 


Arm  STC  register  5  —  start  the  CLOCK 

STC  Master  Reset  code. 

Address  used  to  load  analog  input  channel 
to  be  sampled. 

Address  used  to  load  Extended  Address. 

Address  of  first  extended  memory  board. 

Address  which  toggles  Analog-to-Digital 
mode  switch  ON-OFF. 

TOGGLE  may  be  any  value.  TOGGLE  is  used 
in  the  'value'  position  of  the  "C" 
statement:  outp(port, value) . 

Logic  "true"  is  a  1. 

Logic  "false"  is  a  0. 


*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 

*/ 
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/************************************************************************/ 

/*  GLOBAL  VARIABLES  */ 

/************************************************************************/ 
#include  "speech. h"  /*  Contains  all  GLOBAL  VARIABLES  */ 


/************************************************************************/ 


/*  */ 

/*  FUNCTION:  ANALOG( )  */ 

/*  */ 

/************************************************************************/ 
analog( ) 

/*********************************************************************/ 

/*  LOCAL  VARIABLES  */ 

/*********************************************************************/ 
int  do_next;  /*  Holds  keyboard  response  to  getchar().*/ 

char  chan_in;  /*  Holds  8  bit  version  of  analog  input  */ 

/*  channel  to  be  sampled.  */ 

/*********************************************************************/ 

/*  SET  UP  FOR  ANALOG-TO-DIGITAL  SAMPLING  */ 

/*********************************************************************/ 
is__analog  =  TRUE;  /*  Enable  selected  portions  of  other  */ 

/*  functions  used  by  analog().  */ 

putchar(ESCAPE) ;  /*  Clear  CRT  screen.  */ 

putchar (CLEARS) ; 

clearmemO;  /*  Load  all  Extended  Memory  Board  bytes  */ 

/*  with  zeros  (00000000B).  */ 

outp(CLEARH, TOGGLE) ;  /*  RESET  Thesis  developed  hardware.  */ 

puts("\b  \ b " )  ;  /*  NOTE:  CLEARH  -  COH.  The  CRT  strips  */ 

/*  parity  bit  and  prints  on  the  */ 

/*  screen.  (@  »  40H) .  Erase  */ 

input();  /*  Input  user's  desired  analog  "input  */ 

/*  channel",  data  "sampling  rate",  and*/ 

/*  total  "number  of  samples"  to  take.  */ 

dma()s  /*  Set  DMA  chip  for  analog-to-digital  */ 

/*  sampling.  */ 

timingO;  /*  Set  STC  chip  for  analog_to_digital  */ 

/*  sampling.  */ 

chan_in  »  chan_num;  /*  Form  8  bit  version  of  analog  channel  */ 

/*  to  be  sampled.  */ 

outp(A_MUX,  chan_in);  /*  Load  analog  input  channel  to  be  */ 

/*  sampled.  */ 

outp(EXTENDED,  B0ARD_1);  /*  Load  address  of  initial  extended  */ 

/*  memory  board  to  be  used.  */ 

outp(A_T0_D,  TOGGLE);  /*  Toggle  A/D  mode  switch  to:  ON.  */ 
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/*********************************************************************/ 

/*  PERFORM  ANALOG-TO-DIGITAL  SAMPLING  */ 

/*********************************************************************/ 

/*  Display  user  prompts  on  CRT  screen.  */ 

puts("\n\n\n\n\n\n\n\n\n"); 

puts("\nMAGIC' s  ready  for  ANALOG-to-DIGITAL  sampling  . \n\n" ) ; 
putchar ( ESCAPE) ; 
putchar(R_VIDEO) ; 

p u t s ( "  E  -  EXIT  M  -  MENU  ANY  OTHER  KEY  -  RUN  "); 

putchar ( ESCAPE) ; 
putchar (N_VIDEO) ; 

do_next  =  getchar();  /*  Get  user's  command.  */ 

puts("\b  \n");  /*  Make  command  invisible  on  CRT  screen.*/ 

switch(do_next)  {  /*  Respond  to  user's  command.  */ 

case  'E':  case  'e':  /*  EXIT  program.  */ 

quit(  )  ; 
goto  BYE; 

case  'M':  case  'm':  /*  Return  to  MENU.  */ 

goto  BYE; 

default;  /*  Let  user  know  sampling  has  started  by*/ 

/*  displaying  message  &  ringing  bell.  */ 
puts ( "\nMAGIC  is  at  work!\n"); 
putchar (BELL) ; 

) 

outp(STC_C,  RUN);  /*  Arm  STC  register  5  —  the  CLOCK.  */ 

/*  BEGIN  A/D  SAMPLING!!  */ 

vait();  /*  Place  CPU  in  tight  loop  until  all  */ 

/*  samples  are  taken.  */ 

/********************************************************************* j 

/*  DONE  */ 

/*********************************************************************/ 

/*  Let  user  know  sampling  is  finished  by*/ 
putchar (BELL) ;  /*  displaying  message  &  ringing  bell.  */ 


puts( "\nANALOG-to-DIGITAL  sampling  f inished . \n" )  ; 

sleep(60);  /*  Let  user  read  message.  */ 


outp(A_TO  D, TOGGLE);  /*  Toggle  A/D  mode  switch  to:  OFF.  */ 
outp(STC_C, RESET) ;  /*  RESET  STC  chip.  */ 
is_analog  =  FALSE;  /*  Disable  selected  portions  of  other  */ 

/*  functions  used  by  analog().  */ 


/************************************************************************/ 
I*  */ 

/*  NAME:  DIGITAL. C  */ 

/*  VERSION:  1.0  */ 

/*  DATE:  2  December  1983  */ 

/*  MODULE  NUMBER:  10  */ 

/*  FUNCTION:  Performs  digital-to-analog  conversion  of  data  samples*/ 

/*  stored  in  extended  memory.  User  selects  first  and  last  sample  */ 

/*  to  be  converted.  */ 

/*  INPUTS:  User  entered  commands  from  H-19  keyboard.  */ 

/*  OUTPUTS:  (1)  User  prompts  displayed  on  CRT  screen.  */ 

/*  (2)  Analog  output  signal  from  D/A  module  (DAC  1118,  */ 

/*  IC  #45).  */ 

/*  GLOBAL  VARIABLES  USED:  is_digital,  is_graphics,  limit4A,  start.*/ 

/*  GLOBAL  VARIABLES  CHANGED:  is_digital.  */ 

/*  FILES  READ:  NONE.  */ 

/*  FILES  WRITTEN:  NONE.  */ 

/*  MODULES  CALLED:  input(),  dma(),  timing(),  quit(),  wait().  */ 

/*  CALLING  MODULES:  menu(),  graphics().  */ 

/*  */ 

/*  AUTHOR:  CAPTAIN  WILLIAM  H.  LIEBER  */ 

/*  */ 

/*  HISTORY:  AFIT  THESIS  GE/EE/84D-71 :  Development  of  a  Dedicated  */ 

/*  Speech  Work  Station.  Thesis  Advisor:  Major  Larry  Kizer.  */ 

/*  */ 

/**************+*********************************************************/ 


Z*:!^****  *****************************************************************/ 

/*  SYMBOLIC  CONSTANTS  */ 


/*****************************#******************************************/ 


#def ine 

ESCAPE 

27 

/* 

H-19  CRT  ASCII  "escape"  code. 

*/ 

#def ine 

CLEARS 

69 

/* 

H-19  CRT  ASCII  clear  screen  code. 

*/ 

#def ine 

CLEARH 

OxCO 

/* 

Address  which  resets  hardware. 

*/ 

#def ine 

BELL 

7 

/* 

H-19  CRT  ASCII  ring  bell  code. 

*/ 

#def ine 

R  VIDEO 

0x70 

/* 

H-19  CRT  code  -  enter  reverse  video  mode. 

*/ 

#def ine 

N  VIDEO 

0x71 

/* 

H-19  CRT  code  _  enter  normal  video  mode. 

*/ 

#def ine 

STC_C 

Oxll 

/* 

Address  System  Timing  Controller  (STC) 

*/ 

/* 

chip  select  -  control  register  transfer. 

*/ 

#def ine 

RUN 

0x30 

/* 

Arm  STC  register  5  —  start  the  CLOCK. 

*/ 

#def ine 

RESET 

OxFF 

/* 

STC  Master  Reset  code. 

*/ 

#def ine 

EXTENDED 

0x70 

/* 

Address  used  to  load  Extended  Address. 

*/ 

#def ine 

D_T0_A 

OxFO 

/* 

Address  which  toggles  Digital-to-Analog 

*/ 

/* 

mode  switch  ON-OFF. 

*/ 

#def ine 

TOGGLE 

0 

/* 

TOGGLE  may  be  any  value.  TOGGLE  is  used 

*/ 

/* 

in  the  'value'  position  of  the  "C" 

*/ 

/* 

statement:  outp( port , value) . 

*/ 

#def ine 

TRUE 

1 

/* 

Logic  "true"  is  a  1. 

*/ 

#def ine 

FALSE 

0 

/* 

Logic  "false"  is  a  0. 

*/ 

/************************************************************************/ 
/*  GLOBAL  VARIABLES  */ 

/***********#*#**************************##******************************/ 

linclude  "speech. h"  /*  Contains  all  GLOBAL  VARIABLES.  */ 
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/  ****************************************************************  / 

/*  */ 

/*  FUNCTION:  DIGITAL( )  */ 

/*  */ 

/t****^**********!*:^*#**********#*********#*******************#*********/ 

digital ( ) 


/***************************  *****************  *************************/ 


/*  LOCAL  VARIABLES  */ 

/*********************************************************************/ 
int  do_next;  /*  Holds  keyboard  response  to  getchar().*/ 

char  board_num[4  ]  ;  /*  Holds  address  of  extended  memory  */ 

/  *  board  containing  first  "data  *  / 

/*  sample"  to  be  converted  from  */ 

/*  digital-to-analog .  */ 

char  offset[4];  /*  Holds  LONG  (32  bit)  integer  used  to  */ 

/*  calculate  board_num.  */ 

char  one [  4  ]  ;  /*  Holds  LONG  (32  bit)  version  of  1.  */ 

char  two[4];  /*  Holds  LONG  (32  bit)  version  of  2.  */ 


Z******^**************************************************************/ 


/*  SET  UP  FOR  DIGITAL-TO-ANALOG  CONVERSION  */ 

is_digital  =  TRUE;  /*  Enable  selected  portions  of  other  */ 

/*  functions  used  by  digital().  * / 

if ( is_graphics  ==  TRUE)  /*  Don't  get  inputs  when  in  graphics(),  */ 

;  /*  because  they  are  already  selected!  */ 

else  ( 

putchar ( ESCAPE) ;  /*  Clear  CRT  screen.  */ 

putchar(CLEARS) ; 

input();  /*  Input  user's  desired  "first  and  last"*/ 

/*  sample  to  be  converted,  and  desired  */ 
/*  "sampling  rate".  */ 


outp(CLEARH .TOGGLE) ;  /*  RESET  Thesis  developed  hardware.  */ 

puts("\b  \ b " )  ;  /*  NOTE:  CLEARH  =  COH.  The  CRT  strips  */ 

/*  parity  bit  and  prints  "@"  on  the  */ 

/*  screen.  (@  =  40H).  Erase  */ 

dma();  /*  Set  DMA  chip  for  digital-to-analog  */ 

/*  conversion.  */ 

timing();  /*  Set  STC  chip  for  digital-to-analog  */ 

/*  conversion.  */ 

itol(one.l);  /*  Convert  1  into  a  32  bit  integer.  */ 

itol(two,2);  /*  Convert  2  into  a  32  bit  integer.  */ 

atol(of f set , limit4A) ;  /*  Convert  limit4A  to  a  32  bit  integer.  */ 

lraul( boar d_nura , star t , two ) ;  /*  Form  address  of  extended  */ 

lsub( boar d_num , boa rd_num , one ) ;  /*  memory  board  containing  */ 

ladd ( boar d_nura , boar d_nura , o f f se t ) ;  /*  first  "data  sample"  to  be  */ 

/*  digital-to-analog  converted.  */ 
outp( EXTENDED, board_num[ 1 ] ) ;  /*  Load  address  of  initial  extended  */ 

/*  memory  board  to  be  used.  */ 

outp(D_TO_A,  TOGGLE);  /*  Toggle  D/A  mode  switch  to:  ON.  */ 
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/♦♦♦♦it:****************************************************************/ 

/*  PERFORM  DIGITAL-TO-ANALOG  CONVERSION  */ 

/***********^********************************************************/ 
if (is_graphics  ==»  TRUE)  /*  Don't  display  prompts  when  in  */ 

;  J+  graphics()!l  Just  do  conversion.  */ 

else  {  /*  Display  user  prompts  on  CRT  screen.  */ 

puts("\n\n\n\n\n\n\n\n\n") ; 

puts("\nMAGIC' s  ready  for  DIGITAL-to-ANALOG  conversion. \n\n")  ; 
putchar(ESCAPE) ; 
putchar(R  VIDEO); 

puts("  E  -  EXIT  M  -  MENU  ANY  OTHER  KEY  -  RUN  "); 

putchar(ESCAPE); 

putchar(N_VIDEO) ; 


do_next  =  getchar();  /*  Get  user's  command.  */ 

puts("\b  \n");  /*  Make  command  invisible  on  CRT  screen.*/ 

switch(do_next)  (  /*  Respond  to  user's  command.  */ 

case  ' E ' :  case  'e':  /*  EXIT  program.  */ 

quit( )  ; 
goto  BYE; 

case  ' M ' :  case  'm':  /*  Return  to  MENU.  */ 

goto  BYE; 


default:  /*  Let  user  know  conversion  has  started  */ 

/*  by  displaying  message  &  ringing  bell.*/ 
puts ( "\nMAGIC  is  at  work!\n"); 
putchar(BELL) ; 

) 

} 


outp(STC_C,  RUN);  /*  Arm  STC  register  5  —  the  CLOCK.  */ 

/*  BEGIN  D/A  CONVERSION!!  */ 

wait();  /*  Place  CPU  in  tight  loop  until  all  */ 

/*  conversions  are  made.  */ 

/*  DONE  */ 

/***************************************************+*****************/ 

if  ( is_graphics  =>=  TRUE)  /*  Don't  display  message  when  in  */ 

;  /*  graphics().  */ 

else  (  /*  Let  user  know  conversion  is  finished  */ 

putchar (BELL) ;  /*  by  displaying  message  &  ringing  bell.*/ 

puts( "\nDIGITAL-to-ANALOG  conversion  f inished . \n"  )  ; 

sleep(60);  /*  Let  user  read  message.  */ 

) 

BYE:  ; 

outp(D_TO_A,  TOGGLE);  /*  Toggle  D/A  mode  switch  to:  OFF.  */ 

outp(STC_C, RESET) ;  /*  RESET  STC  chip.  */ 

is_digital  =  FALSE;  /*  Disable  selected  portions  of  other  */ 

/*  functions  used  by  digital().  */ 

) 
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/************************************************************************/ 


/*  */ 

I*  NAME:  STORE. C  */ 

/*  VERSION:  1.0  */ 

/*  DATE:  2  December  1983  */ 

/*  MODULE  NUMBER:  11  */ 

/*  FUNCTION:  Transfer  user  specifed  number  of  data  samples  from  */ 

/*  extended  memory  to  magnetic  disk.  Transfer  is  to  user  */ 

/*  specified  "filename".  Default  "filename"  is:  B:DATA.0NE.  */ 

/*  Transfer  is  done  2048  bytes  at  a  time  (thru  raem_buffer).  */ 

/*  INPUTS:  User  entered  commands  from  H-19  keyboard.  */ 

I*  OUTPUTS:  User  prompts  displayed  on  CRT  screen.  */ 

/*  GLOBAL  VARIABLES  USED:  finish,  filename,  is_mem_mem,  from,  to,  */ 

/*  raem_buffer.  */ 

/*  GLOBAL  VARIABLES  CHANGED:  filename,  is_mera_mem,  from,  to,  */ 

/*  mem_buffer.  */ 

/*  FILES  READ:  NONE.  */ 

/*  FILES  WRITTEN:  "Filename"  entered  by  user  from  H-19  keyboard.  */ 

/*  Default  "filename"  is:  B:DATA.0NE.  */ 

/*  MODULES  CALLED:  draa().  */ 

/*  CALLING  MODULES:  menu().  */ 

/*  */ 

/*  AUTHOR:  CAPTAIN  WILLIAM  H.  LIEBER  */ 

/*  */ 

/*  HISTORY:  AFIT  THESIS  GE/EE/84D-7 1 :  Development  of  a  Dedicated  */ 

/*  Speech  Work  Station.  Thesis  Advisor:  Major  Larry  Klzer.  */ 

/*  */ 

/fc^****#**************************^*************************************/ 

w 

/************:|^******#****  ******  «*  ************  ***************************/ 

/*  SYMBOLIC  CONSTANTS  */ 

/************************************************************************/ 
#def ine  ESCAPE  27  /*  H-19  CRT  ASCII  "escape"  code.  */ 

#define  CLEARS  69  /*  H-19  CRT  ASCII  clear  screen  code.  */ 

#define  BACKSPACE  0x08  /*  ASCII  hex  code  for  "backspace"  key.  */ 

#define  DELETE  0x7F  /*  ASCII  hex  code  for  "delete"  key.  */ 

#define  ERROR  -1  /*  General  "is  an  error"  return  value.  */ 

#define  TRUE  1  /*  Logic  "true"  is  a  1.  */ 

#define  FALSE  0  /*  Logic  "false"  is  a  0.  */ 

#define  TOGGLE  0  /*  TOGGLE  may  be  any  value.  TOGGLE  is  used  in  */ 

/*  the  ’value'  position  of  the  "C"  statement:  */ 

/*  out p( port , va lue ) .  */ 

#define  CPU_MEM  OxDO  /*  Address  which  toggles  between  "CPU  or  DMA"  */ 

/*  actions  and  "MEMOR Y-TO-MEMORY"  transfers.  */ 

#define  EXTENDED  0x70  /*  Address  used  to  load  Extended  Address.  */ 

#define  REQUEST  0x99  /*  Address  of  software  DREQ  Request  Register.  */ 

#define  MEM_XFER  0x04  /*  Software  DMA  CHAN-0  request,  i.e.  start  */ 

/*  memor y-to-memor y  transfer.  */ 

j *** ********************************************************************* / 

/*  GLOBAL  VARIABLES  */ 

/**************************  *  **************  >.»**********>»  **  +  ****************/ 

linclude  "speech. h"  /*  Contains  all  GLOBAL  VARIABLES.  */ 
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/444 444444444444444444444444444444444444444444444444444444444444444444444/ 

/*  */ 

/*  FUNCTION :  STORE()  */ 

/*  */ 

/444444444444444444444444444444444444444444444444444444444444444444444444/ 

store() 

/4444444444444444444444444444444444 C44444444444444444444444444444444444/ 

/*  LOCAL  VARIABLES  */ 

/44444 44 4 44444444444444444 44 4 44 4 44 44 4444444444444444 44444444444444444 4/ 


int  i ; 
int  c ; 
int  fd; 

int  done; 

int  holder; 

char  *ptr_num; 

char  l_templ[4]; 

char  l_temp2[4]; 

char  buf fer_size[4] ; 

char  zero[4]j 
char  two[4]; 


/*  Indexing  variable  used  in  "for"  loop.*/ 
/*  Holds  keyboard  response  to  getchar().*/ 
/*  Holds  FILE  DESCRIPTOR  of  file  to  be  */ 
/*  written.  */ 
/*  Holds  number  of  2048  byte  transfers  */ 
/*  to  be  made.  */ 
/*  Holds  address  found  by  *ptr_num.  */ 
/*  Binary  operations  can  be  done  on  a  */ 
/*  integer  value,  but  not  a  pointer.  */ 
/*  Used  to  find  first  address  of  */ 
/*  mem_buffer  array.  */ 
/*  A  temporary  holding  place  for  a  LONG  */ 
/*  (32  bit)  integer.  */ 
/*  A  temporary  holding  place  for  a  LONG  */ 
/*  (32  bit)  integer.  */ 
/*  Holds  LONG  (32  bit)  version  of  */ 
/*  memory  buffer's  size.  */ 
/*  Holds  LONG  (32  bit)  version  of  zero.  */ 
/*  Holds  LONG  (32  bit)  version  of  2.  */ 


j 44444444444 4444444444444444444444444444444444444444444444444444444444/ 

/*  DETERMINE  NUMBER  OF  2048  BYTE  TRANSFERS  TO  MAKE  */ 

/ 4444444444444444444444 44444444444444444444444 444 444444444444444444444/ 

itol(zero.O) ;  /*  Convert  0  into  a  32  bit  integer.  */ 

itol(two,2);  /*  Convert  2  into  a  32  bit  integer.  */ 

itol ( buf fer_size , 2048) ;  /*  Convert  2048  into  a  32  bit  integer.  */ 

lmul( l_temp2 , finish , two) ;  /*  Calculate  the  number  of  */ 

ldi v( l_temp 1 , l_temp2 , buf f er_size ) ;  /*  times  2048  goes  into  the  */ 

done  =  ltoi( l_terapl ) ;  /*  number  of  bytes  to  be  */ 

lmod ( l_temp2 , l_temp2 , buf f er_size ) ;  /*  stored.  Round  result  */ 

/*  upward  if  a  remainder  */ 

if ( lcomp( l_temp2 , zer o )  ==  1)  /*  exists.  */ 

done  *  done  +  1; 

/444444444444444444444444444444444444444444444444444444444444444444444/ 

/*  GET  FILENAME  TO  BE  USED  */ 

/444444444444444444444444444444444444444444444444444444444444444444444/ 
putchar( ESCAPE) ;  /*  Clear  CRT  screen.  */ 

putchar(CLEARS); 

print f("\nST0RE  data  in  FILENAME  [%s'\  filename); 

printf("]j  B: .  <CR>"); 

print f("\b\b\h\b\b\b\b\b\b\b\b\b\b\b\b\b\b\b\b\b"); 
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if ( (c  =  getchar())  !=  ’\n’)  { 
filenarae[2]  =  c; 

for(i  -3;  (c  »  getchar())  t=  ’\n’  &&  i  <  17;  ++i)  ( 
i f ( c  =»=.  BACKSPACE  |  |  c  ==  DELETE) 

— i; 
else 

filename[i]  =  c; 

} 

filename [ i ]  =  * \ 0  * ; 

} 

/*********************************************************************/ 

/*  STORE  DATA  ON  MAGNETIC  DISK  */ 

/:M**************>M***************************************************/ 

outp(CPU_MEM, TOGGLE) ;  /*  Set  hardware  for  "Meraory-to-Memor y"  */ 

/*  data  transfer.  */ 

printf ("\nMAGIC  is  now  STORING  data  in  file  %s\n” , filename) ; 

fd  =  creat(f ilename) ;  /*  Create  FILE  DESCRIPTOR  for  filename.  */ 

if(fd  ==  ERROR)  {  /*  Check  for  and  respond  to  any  errors.  */ 

printf ( "\nERROR :  Can’t  creat  %s\n" , filename) ; 
puts( "\nPress  any  key  to  continue . \n" )  ; 
getchar (  )  ; 
goto  BYE; 


is_mem_mem  =  TRUE; 

f rom[ 3 ]  =  0x00; 
from[2]  =  0x00; 
f rom[ 1  ]  =  0x01; 
fromfoj  =  0x00; 

ptr_num  =  &mem_buf f er[0] ;  /*  Find  memory  address  of  buffer  array.  */ 

holder  =  ptr_num; 

to[3]  =■  ptr_num;  /*  Initial  memory  address  of  buffer  used*/ 


to[2]  =  holder  >>  8;  /*  to  transfer  2048  byte  blocks  of  */ 
to[l]  =  0x00;  /*  data  to  magnetic  disk  storage.  */ 
to[0]  =  0x00;  /*  Used  by  dma().  */ 

for(i  a  1;  i  <■  done;  ++i)  (  /*  Transfer  data.  */ 
outp(EXTENDED,from[l]);  /*  Load  address  of  2048  byte  block  of  */ 

/*  data  to  be  stored.  */ 
draa();  /*  Set  DMA  for  data  transfer.  */ 
outp(REQUEST,MEM_XFER) ;  /*  Begin  2048  byte  "Memor y-to-Memor y "  */ 

/*  data  transfer.  */ 
ladd ( from , from , buf fer_size ) ;  /*  Address  of  next  2048  byte  block  */ 

/*  of  data  to  be  stored  on  disk.  */ 

/*  Transfer  data  from  buffer  array  to  */ 
/*  magnetic  disk.  Check  for  and  */ 
/*  respond  to  any  errors.  */ 


/*  Enable  selected  portions  of  other  */ 
/*  functions  used  by  store().  */ 
/*  Initial  memory  address  where  data  is  */ 
/*  found.  Used  by  dma().  */ 
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if ( wri te( f d , mem_buf f er , 16)  ■■  ERROR)  { 

puts( "\nERROR :  Probably  out  of  disk  space. \n"); 
puts( "\nPress  any  key  to  continue . \n" ) ; 
getchar(); 
goto  BYE; 

) 

) 

puts( "\n\nTRANSFER  COMPLETED !!! \n") ;  /*  Let  user  know  transfer  is  */ 
sleep(60);  /*  completed.  */ 

/*************************** ********m*****mmmmm+mmtm  i 

/*  DONE  */ 

BYE:  ;  ' 

outp(CPU_MEM,TOGGLE) ;  /*  Transfer  done.  Set  hardware  for  #/ 

/*  "CPU  or  DMA"  operation.  */ 

is_mem_mem  =>  FALSE;  /*  Disable  selected  portions  of  other  */ 

/*  functions  used  by  store().  */ 

close(fd);  /*  Close  FILE  that  was  created.  */ 


M  * 
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/*******>M***************************************************************/ 

/*  NAME:  RETRIEVE. C  */ 
/*  VERSION:  1.0  */ 
/*  DATE:  2  December  1983  */ 
/*  MODULE  NUMBER:  12  */ 
/*  FUNCTION:  Clears  extended  memory.  Then  transfers  data  from  */ 
/*  magnetic  disk  to  extended  memory.  Transfer  is  from  user  */ 
/*  specified  "filename".  Default  "filename"  is:  B:DATA.ONE.  */ 
/*  Transfer  is  done  2048  bytes  at  a  time  (thru  mem_buffer)  as  */ 
/*  long  as  data  remains  in  the  disk  file.  */ 
/*  INPUTS:  User  entered  commands  from  H-19  keyboard.  */ 
/*  OUTPUTS:  User  prompts  displayed  on  CRT  screen.  */ 
/*  GLOBAL  VARIABLES  USED:  filename,  is_mem_raem,  to,  from,  */ 
/*  mera_buffer.  */ 
/*  GLOBAL  VARIABLES  CHANGED:  filename,  is_mem_mem,  to,  from,  */ 
/*  mem_buffer.  */ 
/*  FILES  READ:  "Filename"  entered  by  user  from  H-19  keyboard.  */ 
/*  Default  "filename"  is:  B:DATA.0NE.  */ 
/*  FILES  WRITTEN:  NONE.  */ 
/*  MODULES  CALLED:  dma(),  clearraem().  */ 
/*  CALLING  MODULES:  menu().  */ 


/*  AUTHOR:  CAPTAIN  WILLIAM  H.  LIEBER  */ 
/*  */ 
/*  HISTORY:  AFIT  THESIS  GE/EE/84D-71 :  Development  of  a  Dedicated  */ 
/*  Speech  Work  Station.  Thesis  Advisor:  Major  Larry  Kizer.  */ 
/*  */ 
/************************************************************************/ 


/************************************************************************ j 

/*  SYMBOLIC  CONSTANTS  */ 

/************************************************************************/ 


#def ine 
#def ine 
#def ine 
#def ine 
#def ine 
#def ine 
#def ine 
#def ine 
#def ine 
#def ine 


#def ine  HI  L0 


#def ine  CPU  MEM 


Idef ine 
#def ine 
#def ine 


ESCAPE  27  /*  H-19  CRT  ASCII  "escape"  code. 

CLEARS  69  /*  H-19  CRT  ASCII  clear  screen  code. 

BACKSPACE  0x08  /*  ASCII  hex  code  for  "Backspace"  key. 

DELETE  0x7F  /*  ASCII  hex  code  for  "Delete"  key. 

ERROR  -1  /*  General  "is  an  error"  return  value. 

T0_READ  0  /*  Used  to  open  a  disk  file  for  reading. 

ZERO  0  /*  Makes  program  easier  to  read. 

TRUE  1  /*  Logic  "true"  is  a  1. 

FALSE  0  /*  Logic  "false"  is  a  0. 

TOGGLE  0  /*  TOGGLE  may  be  any  value.  TOGGLE  is  used  in 

/*  the  'value'  position  of  the  "C"  statement: 
/*  outp( port , value) . 

HI_L0  OxBO  /*  Address  which  toggles  meraory-to-memor y  data 
/*  transfer  between  "Hl-raemory  to  LO-memory" 
/*  mode  and  "LO-memory  to  Hl-meraory"  mode. 

CPU_MEM  OxDO  /*  Address  which  toggles  between  "CPU  or  DMA" 

/*  actions  and  "MEMORY-TO-MEMORY"  transfers. 

EXTENDED  0x70  /*  Address  used  to  load  Extended  Address. 

REQUEST  0x99  /*  Address  of  software  DREQ  Request  Register. 

MEM_XFER  0x04  /*  Software  DMA  CHAN-0  request,  i.e.  start 
/*  memory-to-memor/  transfer. 
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/**^******* ************************************************ *************/ 

/*  GLOBAL  VARIABLES  */ 

/♦♦if*********************************************************************/ 

linclude  "speech. h"  /*  Contains  all  GLOBAL  VARIABLES.  */ 


/♦♦I**********************************************************************/ 

/*  */ 

/*  FUNCTION:  RETRIEVE( )  */ 

/*  */ 

/************************************************************************/ 
retrieve(  ) 


/*********************************************************************/ 


/*  LOCAL  VARIABLES  */ 

/*********************************************************************/ 
int  i;  /*  Indexing  variable  used  in  "for"  loop.  */ 

int  c;  /*  Holds  keyboard  response  to  getchar().  */ 

int  fd;  /*  Holds  FILE  DESCRIPTOR  of  file  to  be  read.  */ 

int  check;  /*  Holds  number  of  128  byte  blocks  read  from  */ 

/*  disk  file.  */ 

int  holder;  /*  Holds  address  found  by  *ptr_num.  Binary  */ 

/*  operations  can  be  done  on  a  integer  value,  */ 

/*  but  not  a  pointer.  */ 

char  *ptr_num;  /*  Used  to  find  1st  address  of  mem_buf f er  array.*/ 

char  buf fer_size[4] ;  /*  Holds  LONG  (32  bit)  version  of  memory  */ 

/*  buffer's  size.  */ 


/*********************************************************************/ 

/*  GET  FILENAME  TO  BE  USED  */ 

/it********************************************************************/ 

putchar (ESCAPE) ;  /*  Clear  CRT  screen.  */ 

putchar(CLEARS); 

printf ( "\nRETRIEVE  data  from  FILENAME  [%s",  filename); 

printf("]:  B: .  <CR>"); 

printf ("\b\b\b\b\b\b\b\b\b\b\b\b\b\b\b\b\b\b\b\b"); 

if  ( (c  =  getcharO)  !■*  '\n')  { 
filename[2]  »  c; 

for(i  -  3;  (c  •  getcharO)  !=  *\n’  &&  i  <  17;  ++i)  { 
if (c  ==  BACKSPACE  | |  c  «  DELETE) 

— i; 
else 

filename[i]  c; 

) 

filename[i]  » 


'  \0  *  ; 


/*********************************************************************/ 


/*  RETRIEVE  DATA.  FROM  MAGNETIC  DISK  */ 

/*********************************************************************/ 
clearmem();  /*  Load  all  Extended  Memory  bytes  with  */ 

/*  zeros  (00000000B).  */ 

outp(CPU_MEM, TOGGLE) ;  /*  Set  hardware  for  "Memor y-to-Memor y"  */ 

/*  data  transfer.  */ 

outp(HI_LO, TOGGLE) ;  /*  Set  hardware  for  "LO-memory  to  HI-  */ 

/*  Memory"  data  transfer.  */ 


pr int f ( "\nMAGIC  is  RETRIEVING  data  from  file  %s\n" , filename) ; 

fd  =  open( filename ,TO_READ) ;  /*  Create  FILE  DESCRIPTOR  for  filename.  */ 
if(fd  ==  ERROR)  {  /*  Check  for  and  respond  to  any  errors.  */ 

printf ("\nERROR:  Can't  open  %s\n" , filename) ; 
puts("\nPress  any  key  to  continue . \n'  )  ; 
getchar ( ) ; 
goto  BYE; 

) 

is_mem_raem  =>  TRUE; 

to[ 3 ]  *  0x00; 
to[2]  «  0x00; 
to[l]  “  0x01; 
to[0]  »  0x00; 

ptr_num  =  &mem_buffer[0] ;  /*  Find  memory  address  of  buffer  array.  */ 

holder  =  ptr_nura; 


from[3]  »  ptr_nu m;  /*  Initial  memory  address  of  buffer  */ 
from[2]  =  holder  >>  8;  /*  used  to  transfer  2048  byte  blocks  */ 
from[l]  =  0x00;  /*  of  data  to  extended  memory.  Used  */ 
from[0]  =  0x00;  /*  by  dma().  */ 

itol(buffer_size, 2048) ;  /*  Convert  2048  into  a  32  bit  integer.  */ 

/*  Transfer  data  from  magnetic  disk  to  */ 
/*  buffer.  Check  for  and  respond  to  */ 
/*  any  errors.  */ 


while((check  ■  read( fd , raem_buf f er , 16) )  1=  ZERO)  { 
if ( check  —  ERROR)  { 

printf ( "\nERR0R :  Can't  read  %s\n" , filename) ; 
puts( "\nPress  any  key  to  continue . \n" )  ; 
getchar ( ) ; 
goto  BYE; 

) 


outp(EXTENDED, to[ 1 ] ) ;  /*  Load  address  where  2048  byte  block  */ 

/*  of  data  is  to  be  stored.  */ 

dma();  /*  Set  DMA  for  data  transfer.  */ 

outp(REQUEST,MEM_XFER) ;  /*  Begin  2048  byte  Memor y-to-Memory  */ 

/*  transfer.  */ 

ladd(to,to,buffer_size) ;  /*  Form  address  where  next  2048  byte  */ 

/*  block  of  data  is  to  be  stored.  */ 

) 


/*  Enable  selected  portions  of  other  */ 
/*  functions  used  by  retrieve().  */ 
/*  Initial  extended  memory  address  where*/ 
/*  data  is  to  be  moved.  Used  by  dma().*/ 
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/*********************************************************************/ 


/*  DONE  */ 

/^^^^t**************************************************************** / 

puts("\n\nTRANSF£R  COMPLETED!!!");  /*  Let  user  know  transfer  of  */ 

sleep(60);  /*  data  is  completed.  */ 

BYE;  ; 

close(fd);  /*  Close  FILE  that  was  opened.  */ 

outp(HI_LO, TOGGLE) ;  /*  Set  hardware  for  "Hl-memory  to  L0-  */ 

/*  Memory"  data  transfer.  */ 

outp(CPU_MEM, TOGGLE) ;  /*  Set  hardware  for  "CPU  or  DMA"  mode  */ 

/*  of  operation.  */ 

is_mem_raem  ■>  FALSE;  /*  Disable  selected  portions  of  other  */ 

I*  functions  used  by  retrieve().  */ 

) 
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/*  */ 

/*  NAME:  GRAPHICS. C  */ 

/*  VERSION:  1.0  */ 

/*  DATE:  2  December  1983  */ 

/*  MODULE  NUMBER:  13  */ 

/*  FUNCTION:  Graphically  displays  500  data  samples  on  the  CRT  */ 

/*  screen.  Displays  user  prompts.  Provides  right  &  left  CURSOR  */ 

/*  movement.  Provides  up  &  down  VOLT  LINE  movement.  Provides  */ 

/*  selecting  starting  and  finishing  "data  sample  numbers"  for  */ 

/*  use  during  digital-to-analog  output.  Provides  selecting  */ 

/*  digital-to-analog  output.  */ 

/*  INPUTS:  User  entered  commands  from  H-19  keyboard.  */ 

/*  OUTPUTS:  User  prompts  and  graph  of  500  data  samples  displayed  */ 

/*  on  CRT  screen.  */ 

/*  GLOBAL  VARIABLES  USED:  is_graphics,  cursor,  begin_at,  x_axis,  */ 

/*  a__terap,  l_temp,  l_cursor,  start,  samples,  finish.  */ 

/*  GLOBAL  VARIABLES  CHANGED:  is_graphics,  cur sor , begin_at ,  x_axis,*/ 

/*  a_temp,  l_terap,  l_cursor,  start,  samples , f inish ,  inputl,  */ 

/*  in  put 2 .  */ 

/*  FILES  READ:  NONE.  */ 

/*  FILES  WRITTEN:  NONE.  */ 

/*  MODULES  CALLED:  input(),  plot(),  quit(),  right(),  left(),  */ 

/*  voltline(),  digital().  */ 

/*  CALLING  MODULES:  menu().  */ 

/*  */ 

/*  AUTHOR:  CAPTAIN  WILLIAM  H.  LIEBER  */ 

/*  */ 

l*  HISTORY:  AFIT  THESIS  GE/EE/84D-71 :  Development  of  a  Dedicated  */ 

/*  Speech  Work  Station.  Thesis  Advisor:  Major  Larry  Kizer.  */ 

/*  */ 

/************************************************************************/ 


/*********************************** ******************* ******************/ 

/*  SYMBOLIC  CONSTANTS  */ 

/**************************iM**************#*****************************/ 
#def ine  ESCAPE  27  /*  H-19  CRT  ASCII  "escape"  code.  */ 

Idefine  CLEARS  69  /*  H-19  CRT  ASCII  clear  screen  code.  */ 

#define  R_VIDE0  0x70  /*  H-19  CRT  code  -  enter  reverse  video  mode.  */ 

#define  N_VIDE0  0x71  /*  H-19  CRT  code  -  enter  normal  video  mode.  */ 

fdefine  BACKSPACE  0x08  /*  ASCII  hex  code  for  "backspace"  key.  */ 

Idefine  DELETE  0x7F  /*  ASCII  hex  code  for  "delete"  key.  */ 

fdefine  TRUE  1  /*  Logic  "true"  is  a  one.  */ 

#define  FALSE  0  /*  Logic  "false"  is  a  zero.  */ 


/ ****************************************************************** / 

/*  GLOBAL  VARIABLES  */ 

/************************************************************************/ 
linclude  "speech. h"  /*  Contains  all  GLOBAL  VARIABLES.  */ 


/*********:M********************************************#*********#******/ 

/*  */ 

/*  FUNCTION:  GRAPHICS()  */ 

/*  */ 

/ft**********************************************************************/ 

graphics( ) 

( 

/***************************************************#*#***************/ 
/*  LOCAL  VARIABLES  */ 

/*^*******************************************************************/ 
int  do_next;  /*  Holds  keyboard  response  to  getchar().*/ 


char 

one [ 4 ] ; 

/* 

Holds 

LONG 

(32 

bit) 

version 

of 

1. 

*/ 

char 

two [ 4  ] ; 

/* 

Holds 

LONG 

(32 

bit) 

version 

of 

2. 

*/ 

char 

hundred [ 4  ]  ; 

/* 

Holds 

LONG 

(32 

bit) 

version 

of 

100. 

*/ 

/*********************************************************************/ 
/*  INITIALIZE  VARIABLES  */ 

/*********************************************************************/ 


i s_g  r  a  p  h i 

CS  S 

=  TRUE; 

/* 

Enable  s 

elected  p 

ort 

ions  of  other 

*/ 

/* 

f uncti 

ons  used 

by 

graphics( )  . 

*/ 

cursor  = 

251: 

/* 

Vertical 

CURSOR  i 

nitially  placed  at 

*/ 

/* 

sample 

#250  (pi 

xel 

#251)  of  500 

*/ 

/* 

sample 

plot . 

*/ 

itol(one , 

i); 

/* 

Convert 

1  into  a 

32 

bit  integer. 

*/ 

itol(two, 

2); 

/* 

Convert 

2  into  a 

32 

bit  integer. 

*/ 

itol(hund 

r  ed  , 

100); 

/* 

Convert 

100  into 

a  32  bit  integer. 

*1 

/***********=►**=#'********♦***********=►**************♦***♦**********♦♦**/ 

/*  INPUT  "SAMPLING  RATE"  AND  "FIRST  SAMPLE"  TO  BE  PLOTTED  */ 

/ ********************************* ft***********************************/ 


putchar (ESCAPE) ; 
putchar (CLEARS)  ; 

/* 

Clear  CRT  screen. 

*/ 

input() ; 

/* 

Display  introduction 

to  GraphicsO. 

*/ 

/* 

Input  user's  desired 

"sampling  rate" 

*/ 

/* 

and  "first  sample" 

to  be  plotted. 

*/ 

atol(x_axis,begin_at) ; 

/* 

Form  32  bit  version  o 

f  "sample  #" 

*/ 

/* 

to  be  displayed  in 

first  column 

*/ 

/* 

(pixel  #2)  of  graph. 

*/ 

/***********  ***********  ***********************************************  j 


/*  DRAW  GRAPH  */ 
/*********************************************************************/ 
putchar(ESCAPE) ;  /*  Clear  CRT  screen.  */ 
putchar(CLEARS) ; 

plot()j  /*  Plot  first  500  samples.  */ 
puts("\0331 , ") ;  /*  Enter  Graphics  Mode.  */ 
puts( "N ,170,");  /*  Primary  Line  Style:  DASHED  LINE.  */ 
puts( "1 , 2 , " )  ;  /*  Line  Type:  COMPLEMENT.  */ 
puts("P,251,246,L,251,47,");  /*  Draw  vertical  CURSOR.  */ 
puts("E");  /*  Exit  Graphics  Mode.  */ 


A-39 


/***♦* ****************** ********************************************** j 

/*  LABEL  VERTICAL  AXIS  */ 

/*****************= it***************************************************/ 


p  u  t  s  (  " 

5\n\n" ) 

p  u  t  s  (  " 

4\n\n") 

puts(" 

3  \  n  \  n  "  ) 

puts(  " 

2  \  n  \  n  " ) 

puts(" 

l\n\n") 

puts(" 

0  \  n  \  n  "  ) 

puts(" 

-l\n\n") 

puts(" 

-2\n\n" ) 

puts(" 

-3\n\n") 

puts(  " 

-4\n\n" ) 

puts(" 

-5\n" ) ; 

/*********************************************************************/ 
/*  LABEL  HORIZONTAL  AXIS  */ 

/*********************************************************************/ 
printf("  %-6s",  1 toa ( a_t erap , x_axis ) ) ; 

lsub( l_temp , x_axis , one ) ; 

printf("%lls",  1 toa (a_t  erap , ladd ( l_temp , l_temp .hundred))); 
prlntf("%12s",  ltoa(a_temp , ladd(l_temp , l_temp .hundred))); 
printf("%13s" ,  ltoa  ( a_terap , ladd  ( l_temp , l_terap .hundred))); 
printf("%12s",  1  toa  (  a_terap  .  ladd  (  l_temp ,  l_temp  .hundred)))  ; 
printf("%13s\n",  ltoa( a_terap , ladd ( l_terap , l_temp .hundred))); 

/*********************************************************************/ 
/*  DISPLAY  PROMPTS  TO  USER  */ 

/ *****  *************************************** *************************/ 
putchar ( ESCAPE) ;  /*  Display  "CURSOR  ="  on  CRT  screen  in  */ 

putchar (R_VIDEO) ;  /*  reverse  video.  Display  current  */ 


/* 

Display  " 

CURSOR 

=  "  on 

CRT  screen  in 

*1 

/* 

reverse 

video 

.  Display  current 

*/ 

/* 

CURSOR 

value 

on  CRT 

screen  in 

*/ 

/* 

normal 

video . 

*/ 

puts("  CURSOR  *");  /*  CURSOR  value  on  CRT  i 

putchar(ESCAPE) ;  /*  normal  video. 

putchar( N_V I D  EO ) ; 
i tol ( l_cursor .cursor ) ; 
ladd(l  temp , x_axis , 1  cursor); 

printfT"  %-l Is" , ltoaTa_temp , lsub( l_temp , l_temp , two) ) ) ; 


putchar ( ESCAPE) ;  /*  Display  "START  »"  on  CRT  screen  in 

putchar (R_VIDEO) ;  /*  reverse  video.  Display  current 

puts("START  -");  /*  START  value  on  CRT  screen  in 

putchar ( ESCAPE) ;  /*  normal  video. 

putchar(N_VIDEO) ; 

printf("  %-lls",ltoa( a_t emp ,atol(start, begin_at ) ) ) ; 


putchar (ESCAPE) ;  /*  Display  "FINISH  »"  on  CRT  screen  in 

putchar(R_VIDEO) ;  /*  reverse  video.  Display  current 

puts("FINISH  »");  /*  FINISH  value  on  CRT  screen  in 

putchar ( ESCAPE) ;  /*  normal  video. 

putchar(N  VIDEO); 

printf("  T-l Is", 1 toa( a_terap ,atol(finish, samples))) ; 
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putchar(ESCAPE) ;  /*  Display  remaining  user  prompts  on  */ 

putchar(R  VIDEO);  /*  CRT  screen  in  reverse  video.  */ 

puts("  \n" )  ; 

p u t s ( "  E  -  EXIT  M  -  MENU  S  -  START  F  -  FINISH  "); 

puts("A  -  ANALOG  OUT  "); 

puts( "\033xl")  ;  /*  Enable  25th  line.  */ 

puts("\033Y8  ");  /*  Go  to  Line  25,  Column  1.  */ 

p  u  t  s ( "  R [ 1  ] ,  T[ 25  ] ,  Y[ 100 ] ,  U [ 500 ]  -  RIGHT  "); 
puts("L[l],  K [ 25  ]  ,  J[100],  H[ 500 ]  -  LEFT"); 

puts("\033Y  ");  /*  Go  to  Line  1,  Column  1.  */ 

puts( "UP :  \nQ[ 1 ]  \nW[ 20] \n\nD0WN : \nZ[ 1  ]  \nX[20]"); 
putchar(ESCAPE) ; 
putchar( N_VIDE0) ; 

/*************#*******************************************************/ 


/*  RESPOND  TO  USER'S  COMMAND  */ 

/*********************************************************************/ 
E2 ; puts( "\033Y6o" ) ;  /*  Go  to  line  23,  Column  80.  Wait  there  */ 

/*  for  user's  next  command.  */ 

do_next  =  getchar();  /*  Get  user's  command.  */ 

puts("  ");  /*  Erase  command  from  CRT  screen.  */ 

switch(do_next)  {  /*  Respond  to  user's  command.  */ 

case  ' E '  :  case  'e':  /*  EXIT  the  program.  Erase  graph.  */ 

qui t ( ) ; 

is_graphics  =  FALSE;  /*  Disable  selected  portions  of  other  */ 

/*  functions  used  by  graphics.  */ 

puts("\0331,D,5,E")j  /*  ALPHA:  on,  GRAPHICS:  off,  ERASE:  on  */ 

sleep(10);  /*  Wait  for  graphics  chip  to  stabilize.  */ 

goto  BYE; 

case  'M':  case  'm':  /*  Return  to  MENU.  Erase  graph.  */ 

is_graphlcs  «  FALSE;  /*  Disable  selected  portions  of  other  */ 

/*  functions  used  by  graphics.  */ 

puts("\0331 ,D, 5,E") ;  /*  ALPHA:  on,  GRAPHICS:  off,  ERASE:  on  */ 

sleep(10);  /*  Wait  for  graphics  chip  to  stabilize.  */ 

goto  BYE; 

case  ’ R ' :  case  'r':  /*  Move  CURSOR  RIGHT  1  sample.  */ 

inputl  =  501; 
input2  *  1; 
right() ; 
break ; 

case  'T':  case  't':  /*  Move  CURSOR  RIGHT  25  samples.  */ 

inputl  =  477; 
input2  =  25; 
right() ; 
break ; 

case  'Y':  case  'y':  /*  Move  CURSOR  RIGHT  100  samples.  */ 

inputl  =  402; 
input2  =  100; 
right() ; 
break ; 
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case  'U':  case  'u':  /*  Move  CURSOR  RIGHT  500  samples.  */ 

inputl  =  2;  /*  Really  only  goes  to  first  sample  of  * / 

input2  =  500;  /*  next  500  sample  plot.  */ 

right(); 
break ; 

case  'L':  case  '1':  /*  Move  CURSOR  LEFT  1  sample.  */ 

inputl  =  2; 
input2  =  1 ; 
lef t() ; 
break ; 

case  '  K  ’  :  case  *  k ’ ;  /*  Move  CURSOR  LEFT  25  samples.  */ 

inputl  =  26; 
input2  =  25; 
lef t( )  ; 
break ; 

case  'J':  case  ’ j  * ;  /*  Move  CURSOR  LEFT  100  samples.  */ 

inputl  =  101 ; 
input2  =  100; 
lef  t(  )  ; 
break ; 

case  ’ H ’ ;  case  * h ’ :  /*  Move  CURSOR  LEFT  500  samples.  */ 

inputl  =  501;  /*  Really  only  goes  to  last  sample  of  */ 

input2  =  500;  /*  next  500  sample  plot.  */ 

left(); 
break ; 


case  ' Q ' :  case 
inputl  =  1; 
voltline( )  ; 
break ; 

V: 

/* 

Move 

VOLT 

LINE 

UP  1 

pixel . 

*/ 

case  ' W ' :  case 
inputl  »  20; 
voltline( )  ; 
break ; 

'  w ' : 

/* 

Move 

VOLT 

LINE 

UP  20 

pixels  (1 

volt)  .*/ 

case  ' Z ' :  case 
inputl  =  -1; 
voltline( ) ; 
break ; 

'z'  : 

/* 

Move 

VOLT 

LINE 

DOWN 

1  pixel. 

*/ 

case  ' X ' :  case 

'  x ' : 

/* 

Move 

VOLT 

LINE 

DOWN 

20  pixels. 

*/ 

inputl  =  -20;  /*  (1  volt).  */ 

voltline( )  ; 
break ; 

case  'S’:  case  's':  /*  Update  STARTING  "sample  #"  for  */ 

/*  digital-to-analog  output  operation.  */ 
ladd ( l_temp , x_axis , i tol ( l_cur  sor  , cursor)); 
ltoa( begin_at , lsub( l_temp , l_t erap , two) ) ; 

puts("\033Y6<") ;  /*  Line  23,  Column  29.  Update  START.  */ 

printf("  %-lls",ltoa( a_terap , a tol ( star t , begin_at ) ) ) ; 
break ; 

case  'F':  case  'f':  /*  Update  FINISHING  "sample  #"  for  */ 

/*  digital-to-analog  output  operation.  */ 
ladd ( l_t erap , x_axi s , i to  1 ( l_c  ur sor .cursor))  ; 
ltoa(saraples,lsub(l_temp, l_t emp , two)); 

puts("\033Y6P");  /*  Line  23,  Column  49.  Update  FINISH.  */ 

printf("  %-lls",ltoa( a_temp ,atol(finish, samples))); 
break ; 
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case  'A':  case  'a':  /*  Provide  a  digital-to-analog  output.  */ 

digital( )  ; 
break ; 

goto  E2;  /*  Go  wait  for  another  user  command.  */ 

/*********************************************************************/ 

/*  DONE  */ 

BYE:  ; 

puts("\033yl") ;  /*  Disable  25th  line.  */ 

) 


/************************************************************************/ 


/*  */ 

/*  NAME:  PLOT . C  */ 

/*  VERSION:  1.0  */ 

/*  DATE:  2  December  1983  */ 

/*  MODULE  NUMBER:  14  */ 

/*  FUNCTION:  Draws  horizontal  axis,  vertical  axis,  and  zero  volt  */ 

/*  line  of  graph.  Transfers  the  500  data  samples  (1000  bytes)  to  */ 

/*  be  displayed  into  mera_buffer.  Calculates  the  y-axis  values  of  */ 

/*  the  500  data  samples.  Plots  the  500  samples  on  the  graph.  */ 

/♦  Returns  to  the  calling  function.  */ 

/*  INPUTS:  NONE.  */ 

/*  OUTPUTS:  Displays  graph  of  500  data  samples  on  CRT  screen.  */ 

/*  GLOBAL  VARIABLES  USED:  voltline,  x_axis,  from,  mem_buffer,  to,  */ 

/*  l_temp.  */ 

/*  GLOBAL  VARIABLES  CHANGED:  voltline,  from,  raem_buffer,  to,  */ 

/*  l_temp.  */ 

/*  FILES  READ:  NONE.  */ 

/*  FILES  WRITTEN:  NONE.  */ 

/*  MODULES  CALLED:  dma().  */ 

/*  CALLING  MODULES:  graphics(),  right(),  left().  */ 

/*  */ 

/*  AUTHOR:  CAPTAIN  WILLIAM  H.  LIEBER  */ 

/*  */ 

/*  HISTORY:  AFIT  THESIS  GE/EF./84D-71 :  Development  of  a  Dedicated  */ 

/*  Speech  Work  Station.  Thesis  Advisor:  Major  Larry  Kizer.  */ 

/*  */ 

/************************************************************************ / 


/***^*t******************************************************************/ 

/*  SYMBOLIC  CONSTANTS  */ 

****************************** **^******* **************************** / 

Idefine  POSITIVE  0  /*  Positive  binary  numbers  begin  with  0.  */ 

# define  NEGATIVE  1  /*  Negative  binary  numbers  begin  with  1.  */ 

fdefine  MASK  0x08  /*  Used  to  determine  the  "sign"  of  a  SAMPLE.  */ 

Idefine  TOGGLE  0  /*  TOGGLE  may  be  any  value.  TOGGLE  is  used  in  */ 

/*  the  'value'  position  of  the  "C"  statement:  */ 

/*  outp(port, value) .  */ 

Idefine  CPU_MEM  OxDO  /*  Address  which  toggles  between  "CPU  or  DMA"  */ 

/*  actions  and  "MEMORY-TO-MEMORY"  transfers.  */ 

Idefine  EXTENDED  0x70  /*  Address  used  to  load  EXTENDED  ADDRESS.  */ 

Idefine  REQUEST  0x99  /*  Address  of  software  DREQ  Request  Register.  */ 

Idefine  MEM_XFER  0x04  /*  Software  DMA  CHAN-0  request,  i.e.  start  a  */ 

/*  meraory-to-meraor y  transfer.  */ 


/************************************************************************/ 
/*  GLOBAL  VARIABLES  */ 

/************************************************************************/ 

linclude  "speech. h"  /*  Contains  all  GLOBAL  VARIABLES.  */ 


^t*************************** ******************************************* / 

/*  */ 

/*  FUNCTION:  PLOT()  */ 

/*  */ 

/ **************************************************************** / 
plot( ) 

( 

/I*********************************************************************/ 

/*  LOCAL  VARIABLES  */ 

/t******^**********^************************************************/ 


int  x ; 
int  y; 
int  holder; 


int  y_value [ 500 ] ; 


unsigned  complement ; 


char  *ptr_num; 

char  sign; 

char  hundred[4]; 

char  num_levels [ 4  ]  ; 


/*  Index  variable  used  in  x-axis  "for"  */ 
/*  loops.  */ 
/*  Index  variable  used  in  Y-axis  "for"  */ 
/*  loops.  */ 
/*  Holds  address  found  by  *ptr_num.  */ 
/*  Binary  operations  can  be  done  on  a  */ 
/*  integer  value,  but  not  a  pointer.  */ 
/*  Holds  y-axis  values  (voltage  levels)  */ 
/*  to  be  plotted.  */ 

/*  Used  to  find  2's  complement  of  a  */ 
/*  negative  data  sample.  */ 

/*  Used  to  find  first  address  of  */ 
/*  mem_buffer  array.  */ 
/*  Holds  'sign'  of  a  data  sample.  */ 
/*  Holds  LONG  (32  bit)  version  of  100.  */ 
/*  Holds  LONG  (32  bit)  version  of  number*/ 
/*  of  quantization  levels  used  by  A/D  */ 
/*  in  range  0  to  5  volts.  */ 


/*********************************************************************/ 
/*  DRAW  HORIZONTAL  AXIS,  VERTICAL  AXIS,  &  ZERO  VOLT  LINE  */ 

/*********************************************************************/ 


puts("\0331,"); 
puts("D, 7 , ") ; 
puts("I,0,") ; 
puts( "N , 255 , ") ; 

puts("0,0, ") ; 
sleep(6) ; 


/*  Enter  Graphics  Mode.  */ 
/*  ALPHA:  on,  GRAPICS:  on,  ERASE:  on  */ 
/*  Line  Type:  ON.  */ 
/*  Primary  Line  Style:  SOLID.  */ 
/*  NOTE:  255  =  (llllllll)B  */ 
/*  Secondary  Line  Style:  BLANK.  */ 
/*  NOTE:  A  delay  is  needed  to  allow  */ 
/*  the  graphics  buffer  to  empty  */ 
/*  SET  UP  commands  prior  to  */ 
/*  getting  movement  commands.  */ 


for(y  »  66;  y  <»  246;  y  =  y  +  20)  /*  Draw  vertical  axis  ticks. 

printf("P,0,%d,L,4,Xd,",y,y); 
for(y  »  56;  y  <=  236;  y  »  y  +  20) 
printf("P,l,%d,L,3,%d,",y,y); 

for(x  =  101;  x  <-  501;  x  -  x  +  100)  /*  Draw  horizontal  axis  ticks. 

printf("P,%d,44,L,%d,48,",x,x); 
for(x  »  26;  x  O  481;  x  =  x  +  25) 
printf("P,%d,45,L,%d,47,",x,x); 


puts( "P , 2 , 245 , L , 2 , 46 , " ) ;  /*  Draw  vertical  axis.  */ 
put s( "L , 500 , 46 , " )  ;  /*  Draw  horizontal  axis.  */ 
puts("N,170,");  /*  Primary  Line  Style:  DASHED  LINE.  */ 

/*  NOTE:  170  -  (10101010)B  */ 
volt_line  =  146;  /*  Draw  ZERO  volt  line.  */ 
printf("P,4,%d,L,501,%d,", vol t__l ine , volt_line ) ; 


/*  N0TE1 :  REMOVE  COMMENT  DESIGNATOR  AFTER  DMA  MEMORY-TO-MEMORY  TRANSFER 
IS  WORKING.  MUST  "CCl"  PLOT.C,  "CLIB"  PLOT.CRL  INTO  H0LD2.CRL, 

AND  "CLINK"  SPEECH  SPEECH1  SPEECH2  TO  FORM  NEW  SPEECH.COM  FILE. 

/************************** ******* ************************************ / 
/*  BRING  DOWN  NEXT  1000  BYTES  */ 

/*********************************************************************/ 
from[3]  =  x_axis[3];  /*  Initial  memory  address  where  data  is  */ 

from[2]  ■  x_axis[2];  /*  to  be  found.  */ 

from[l]  =  x_axis[l]; 
from[0]  ■  x_axis[0]; 

ptr_num  =  &mem_buf f er [ 0 ] ;  /*  Find  memory  address  of  buffer  array.  */ 

holder  «■  ptr_num; 


to[3]  =  ptr__num;  /*  Initial  memory  address  where  data  is  */ 

to[2]  »  holder  >>  8;  /*  to  be  moved.  */ 

to [ 1  ]  =  0x00; 
to[0]  =  0x00; 

outp(CPU_MEM, TOGGLE) ;  /*  Set  hardware  for  Memor y-to-Memory  */ 

/*  data  transfer.  */ 

outp(EXTENDED, f rom[ 1 ] ) ;  /*  Load  extended  address.  */ 

W  dma();  /*  Set  DMA  for  data  transfer.  */ 

outp(REQUEST, MEM_XFER) ;  /*  Begin  the  Memory-to-Memor y  transfer.  */ 

outp(CPU_MEM, TOGGLE) ;  /*  Transfer  done.  Set  hardware  for  CPU  */ 

/*  or  DMA  operations.  */ 

/ ******************************************************************* / 

/*  CREATE  Y_VALUES  FOR  NEXT  500  SAMPLES  */ 

/*****************«***************************************************/ 
itol(hundred , 100) ;  /*  Convert  100  into  a  32  bit  integer.  */ 

itol(num_levels , 2047) ;  /*  Convert  2047  into  a  32  bit  integer.  */ 

for(x  »  1 ;  x  <»  500;  ++x)  { 

sign  •«  (mera_buf  fer[  2  *  x  -  1]  &  MASK);  /*  Find  sign  bit  for  */ 
sign  »  sign  >>  3;  /*  data  sample.  */ 

l_temp[0]  a  0x00;  /*  Convert  data  sample  */ 

l_temp[l]  =  0x00;  /*  into  a  32  bit  */ 

l_temp[2]  -  mera_buf f er [ 2  *  x  -  1];  /*  integer.  */ 

l_temp[3]  =  mem_buffer[2  *  x  -  2]; 

if (sign  —  POSITIVE)  (  /*  If  sign  is  positive,  */ 


lmul ( l_terap , l_temp , hundred ) ;  /*  form  y-axis  voltage*/ 
Id i v( l_temp , 1  t erap , nura_le vel s ) ;  /*  level  for  plotting.*/ 
y_value[x  -  lT  *  (146  +  ltou( l_temp) ) ; 
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)  else  {  _  /*  Sign  is  negative.  */ 

complement  =  (1  +  ( ” ( 1 tou( l_terap ) ) ) ) ;  /*  Take  2's  complement  */ 

utol( l_temp , complement ) ;  /*  and  form  y-axis  */ 

lmul( l_temp , l_temp , hundred ) ;  /*  voltage  level  for  */ 

ldiv( l_temp , 1  temp,num_levels) ;  /*  plotting.  */ 

y_value[x  -  l"T  ■  (146  -  ltou( l_temp) ) ; 

) 


N0TE2 :  SEE  N0TE1 .  REMOVE  THE  FOLLOWING  COMMENT  DESIGNATOR  AND  THE 
"FOR  TEST  PURPOSES:  CREATE  Y  VALUES"  CODE. 

*/ 


/ft********************************************************************/ 

/*  FOR  TEST  PURPOSES:  CREATE  Y_VALUES  */ 

/♦♦♦♦♦♦I***************************************************************/ 

for(x  »  0;  x  <«  60;  ++x)  /*  This  data  will  form  a  stair  step  */ 

y_value[x]  =  46;  /*  plot  on  the  graph.  */ 

for(x  =  61;  x  <=  120;  ++x) 
y_value[x]  =  76; 
for(x  »  121;  x  <»  180;  ++x) 
y_value[x]  ■  106; 
for(x  *  181;  x  <=  240;  ++x) 
y_value[x]  a  136; 
for(x  a  241;  x  <=  300;  ++x) 
y_value[x]  a  166; 
for(x  »  301;  x  <**  360;  ++x) 
y_value[x]  =  196; 
for(x  a  361;  x  <=  420;  ++x) 
y_value[x]  a  216; 
f or (x  »  421;  x  <a  480;  ++x) 
y_value[x]  »  246; 
f or ( x  a  481;  x  <a  499;  ++x) 
y_value[x]  a  56; 


/t*********^*^****************************************************** j 

/*  PLOT  NEXT  500  SAMPLES  */ 

/********************+*************:*****************#*****************/ 

puts( "N ,  255 , " ) ;  /*  Primary  Line  Style:  SOLID.  */ 

printf ("P, 2,Xd , y_value[0] ) ;  /*  Plot  samples.  */ 

for(x  a  3;  x  <a  501;  ++x) 

printf ( "L, %d , %d x , y_value[ x  -  2]); 


/*********************************************************************/ 
/*  DONE  */ 

/*********************************************************************/ 
puta( "D , 6 , " ) ;  /*  ALPHA:  on,  GRAPHICS:  on,  ERASE:  off  */ 

puts("E");  /*  Exit  Graphics  Mode.  */ 


/ ******************  ****************************************************** / 

/*  */ 

/*  NAME:  RIGHT. C  */ 

/*  VERSION:  1.0  */ 

/*  DATE:  2  December  1983  */ 

/*  MODULE  NUMBER:  15  */ 

/*  FUNCTION:  Moves  vertical  CURSOR  to  right  by  amount  given  in  */ 

/*  "input2".  Movement  past  sample  #500  causes  a  new  500  sample  */ 

/*  graph  to  be  displayed.  CURSOR  is  placed  at  first  sample  of  */ 

/*  graph.  */ 

/*  INPUTS:  NONE.  */ 

/*  OUTPUTS:  Draws  new  CURSOR  on  CRT  screen.  May  result  in  a  new  */ 

/*  500  sample  graph  being  displayed  also.  */ 

/*  GLOBAL  VARIABLES  USED:  cursor,  l_cursor,  inputl,  input2,  */ 

/*  x_axis,  l_temp,  max_saraples.  */ 

/*  GLOBAL  VARIABLES  CHANGED:  cursor,  1  cursor,  x  axis,  1  temp.  */ 

/*  FILES  READ:  NONE.  ~  “  */ 

/*  FILES  WRITTEN:  NONE.  */ 

/*  MODULES  CALLED:  plot().  */ 

/*  CALLING  MODULES:  graphics().  */ 

/*  */ 

/*  AUTHOR:  CAPTAIN  WILLIAM  H.  LIEBER  */ 

/*  */ 

/*  HISTORY:  AFIT  THESIS  GE/EE/84D-71 :  Development  of  a  Dedicated  */ 

/*  Speech  Work  Station.  Thesis  Advisor:  Major  Larry  Kizer.  */ 

/*  */ 

/************************************************************************ j 


/******** *******  *******  *******  *****  ********* **** *************************/ 

/*  GLOBAL  VARIABLES  */ 

/************************************************************************ j 

linclude  "speech. h"  /*  Contains  all  GLOBAL  VARIABLES.  */ 


!************************************************************************! 
/*  */ 

/*  FUNCTION:  RIGHTO  */ 

/*  */ 

/************************************************************************/ 

right() 

( 

/*********************************************************************/ 
/*  LOCAL  VARIABLES  */ 

/*********************************************************************/ 
char  one[4];  /*  Holds  LONG  (32  bit)  version  of  1.  */ 

char  two[4];  /*  Holds  LONG  (32  bit)  version  of  2.  */ 

char  hundred[4];  /*  Holds  LONG  (32  bit)  version  of  100.  */ 

char  f i ve_hundred [ 4 ] ;  /*  Holds  LONG  (32  bit)  version  of  500.  */ 

char  l_input2[4];  /*  Holds  LONG  (32  bit)  version  of  */ 

/*  global  variable  "input2".  */ 

char  max[4] ;  /*  Holds  LONG  (32  bit)  version  of  */ 

I*  maximum  number  of  samples  which  */ 

/*  can  be  stored.  */ 
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/*i(^***#****  *************************************************  *********/ 


/*  INITIALIZE  VARIABLES  */ 

/*********************************************************************/ 
itol(one.l);  /*  Convert  1  into  a  32  bit  integer.  */ 

itol(two,2);  /*  Convert  2  into  a  32  bit  integer.  */ 

i tol ( hund red , 100) ;  /*  Convert  100  into  a  32  bit  integer.  */ 

i tol ( f i ve_hundred , 500) ;  /*  Convert  500  into  a  32  bit  integer.  */ 

itol( l_cursor , cursor ) ;  /*  Convert  cursor  to  a  32  bit  integer.  */ 

itol ( l_input2 ,input2) ;  /*  Convert  input2  to  a  32  bit  integer.  */ 

ladd ( l_temp , x_axis , l_cur sor ) ;  /*  Form  sample  number  where  cursor  */ 

lsub(l_temp, l_temp, two) ;  /*  is  to  be  moved.  */ 

ladd ( l_temp , l_temp , l_input 2) ; 

atol(max,max_samples) ;  /*  Form  32  bit  version  of  max  number  */ 

/*  of  samples  which  can  be  stored.  */ 

/*********************************************************************/ 
/*  MOVE  CURSOR  TO  THE  RIGHT  */ 

/********************************************************************* / 

if ( lcomp( l_temp , max )  ==  1)  /*  If  (l_temp  >  max),  lcomp  -  1  and  */ 

;  /*  data  sample  can  not  exist.  Return.  */ 

else  if(cursor  <  inputl)  {  /*  If  room  to  move  cursor  to  right  and  */ 

/*  not  go  past  edge  of  graph.  */ 

puts( "\0331 , ") ;  /*  Enter  Graphics  Mode.  */ 

puts("N, 170,");  /*  Primary  Line  Style:  DASHED  LINE.  */ 

puts("I,2,") ;  /*  Line  Type:  COMPLEMENT.  */ 

/*  Remove  existing  "cursor  line"  and  */ 

/*  draw  new  "cursor  line".  */ 

printf("P,%d,246,L,%d, 47, ".cursor, cursor); 
cursor  -  cursor  +  input2; 

printf( "P,%d, 246, L,%d, 47, ".cursor, cursor); 

puts("E");  /*  Exit  Graphics  Mode.  */ 

/*  Update  CURSOR  value  on  CRT  screen.  */ 

itol ( l_cur sor .cursor )  ; 

ladd ( l_temp , x_axis , l_cur sor ) ; 

/*  Line  23,  Column  11.  Update  CURSOR.  */ 

puts("\033Y6*"); 

printf("%-6s" , ltoa(a_terap , lsub( l_temp , l_temp , two) ) ) ; 

)  else  {  /*  Moving  cursor  past  right  edge  of  */ 

/*  graph,  redraw  graph.  */ 

cursor  ■  2;  /*  Set  cursor  for  1st  pixel  of  graph.  */ 

/*  Update  CURSOR  value  on  CRT  screen.  */ 

i tol ( l_cursor .cursor) ; 

ladd ( x_axis , x_axis , f ive_hundr ed ) ; 

ladd( l_temp , x_axis , l_cursor ) ; 

/*  Line  23,  Column  11.  Update  CURSOR.  */ 

puts("\033Y6*"); 

printf("%-6s" , 1 toa(a_terap , lsub( l_temp, l_temp , two) ) ) ; 

/*  Line  22,  Column  1.  Update  x-axis  */ 

/*  tick  numbers.  */ 
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/*********** ****************************** ******************************* i 
/*  */ 

/*  NAME:  LEFT.C  */ 

/*  VERSION:  1.0  */ 

/*  DATE:  2  December  1983  */ 

/*  MODULE  NUMBER:  16  */ 

/*  FUNCTION:  Moves  vertical  CURSOR  to  left  by  amount  given  in  */ 

/*  "input2".  Movement  past  first  sample  causes  a  new  500  sample  */ 

/*  graph  to  be  displayed.  CURSOR  is  placed  at  last  sample  of  new  */ 

/*  graph.  */ 

/*  INPUTS:  NONE.  */ 

/*  OUTPUTS:  Draws  new  CURSOR  on  CRT  screen.  May  also  result  in  a  */ 

/*  new  500  sample  graph  being  displayed.  */ 

/*  GLOBAL  VARIABLES  USED:  cursor,  l_cursor,  inputl,  input2,  */ 

/*  x_axis,  l_temp,  raax_saraples.  */ 

/*  GLOBAL  VARIABLES  CHANGED:  cursor,  l_cursor,  x_axis,  l_temp.  */ 

/*  FILES  READ:  NONE.  */ 

/*  FILES  WRITTEN:  NONE.  */ 

/*  MODULES  CALLED:  plot().  */ 

/*  CALLING  MODULES:  graphics().  */ 

/*  */ 

/*  AUTHOR:  CAPTAIN  WILLIAM  H.  LIEBER  */ 

/*  */ 

/*  HISTORY:  AFIT  THESIS  GE/EE/84D-7 1 :  Development  of  a  Dedicated  */ 

/*  Speech  Work  Station.  Thesis  Advisor:  Major  Larry  Kizer.  */ 

/*  */ 

/*****♦*************♦*******************>!<********************************/ 


/♦♦♦♦lie#***************************************!*!**************************/ 

/*  GLOBAL  VARIABLES  */ 

/************************************************************************/ 

linclude  "speech. h"  /*  Contains  all  GLOBAL  VARIABLES.  */ 


/*********** 

/* 

/* 

/* 

/*********** 

left() 


*************************************+***********************/ 

*/ 

FUNCTION:  LEFT( )  */ 

*/ 

*******************************************♦*****************/ 


/****************************************#****************************/ 

/*  LOCAL  VARIABLES  */ 


/*********************************************************************/ 

char 

one [ 4 ] ; 

/* 

Holds  LONG 

(32 

bit) 

version 

of 

1. 

*/ 

char 

two [ 4 ] ; 

/* 

Holds  LONG 

(32 

bit) 

version 

of 

2. 

*/ 

char 

hundred [ 4  ] ; 

/* 

Holds  LONG 

(32 

bit) 

version 

of 

100. 

*/ 

char 

f i v  e_h  undred[4] ; 

/* 

Holds  LONG 

(32 

bit) 

version 

of 

500. 

*/ 

char 

l_input2[4 ] ; 

/* 

Holds  LONG 

(32 

bit) 

version 

of 

*/ 

/* 

global  variable  " 

input2" . 

*/ 

INITIALIZE  VARIABLES 


itol(one , 1 ) ; 
itol( two, 2) ; 
itol(hundred.lOO); 

1  tol  ( f i ve_hundred ,500)  ; 
itol ( l_cur sor .cursor )  ; 
itol( l_input2 , in put 2) ; 

ladd ( l_temp , x_axi s ,  l_cur sor )  ; 
lsub( l_t emp , l_temp , two ) ; 
lsub ( l_temp ,  l_temp ,  l_inpu 1 2 )  ; 


/*  Convert  1  into  a  32  bit  integer.  */ 
/*  Convert  2  into  a  32  bit  integer.  */ 
/*  Convert  100  into  a  32  bit  integer.  */ 
/*  Convert  500  into  a  32  bit  interger.  */ 
/*  Convert  cursor  into  a  32  bit  integer.*/ 
/*  Convert  input2  into  a  32  bit  integer.*/ 

!  /*  Form  sample  number  where  cursor  */ 
/*  is  to  be  moved.  */ 


/t^***************************^*************************************/ 

/*  MOVE  CURSOR  TO  THE  LEFT  */ 

/*********************************************************************/ 

if ( lcomp( l_temp , one )  ==  -1)  /*  If  (l_temp  <  one),  lcomp  =  -1  and  */ 

;  /*  data  sample  can  not  exist.  Return.  */ 

else  if(cursor  >  inputl)  (  /*  If  room  to  move  cursor  to  left  and  */ 

/*  not  go  past  edge  of  graph.  */ 

puts("\0331 ,") ;  /*  Enter  Graphics  Mode.  */ 

puts("N,170,");  /*  Primary  Line  Style:  DASHED  LINE.  */ 

puts(" 1,2,");  /*  Line  Type:  COMPLEMENT.  */ 


/*  Remove  existing  "cursor  line"  and 
/*  draw  new  "cursor  line". 
printf( "P,%d, 246, L,%d, 47, ".cursor, cursor); 
cursor  =  cursor  -  input2; 

printf( " P,%d, 246, L,%d, 47,", cursor, cur sor); 
puts("E");  /*  Exit  Graphics  Mode. 

/*  Update  CURSOR  value  on  CRT  screen  , 

itol (l_cur sor .cursor) ; 

ladd ( l_terap , x_axis , l_cur sor ) ; 

/*  Line  23,  Column  11.  Update  CURSOR. 

puts("\033Y6*") ; 

printf("%-6s" , 1 toa(a_terap , lsub( l_terap , l_temp , two) ) ) ; 

)  else  {  /*  Moving  cursor  past  left  edge  of 


else  {  /*  Moving  cursor  past  left  edge  of 

/*  graph,  redraw  graph. 

cursor  =  501;  /*  Set  cursor  for  last  pixel  of  graph. 

/*  Update  CURSOR  value  on  CRT  screen. 

i t  o 1 ( l_c  u  r  s  o  r , cursor)  ; 

lsub(  x_axis  ,  x__axis ,  f  i  ve_hundr  ed  )  ; 

ladd ( l_temp , x_axi s ,l_cursor); 

/*  Line  23,  Column  11.  Update  CURSOR. 

puts( "\033Y6*" ) ; 

printf("%-6s", ltoa( a_t emp , 1 sub( l_t  emp , l_t emp , two ) ) ) ; 

/*  Line  22,  Column  1.  Update  x-axis 
/*  tick  numbers . 

puts( "\033Y5  "); 

printf("  %-6s",  1 t oa ( a_t emp , x_a x i s ) ) ; 

lsub ( l_terap , x_a  x i s , one ) ; 


printf("%lls",  1 toa( a_temp , ladd ( l_temp , l_temp .hundred))); 
printf("%12s",  ltoa( a_t emp , ladd ( l_t erap , l_temp .hundred))); 
printf("%13s",  1 toa (a_temp , ladd ( l_temp , l_t emp , hundred))) ; 
printf("/ol2s",  ltoa(  a_temp  ,  ladd  ( l_terap ,  l_t  emp  .hundred)))  ; 
prin t f ( "% 13s  ",  1 toa ( a_t emp , ladd ( l_t erap , l_terap , hundred  )))  ; 

plot();  /*  Plot  next  500  samples  on  graph. 

puts ( " \033 1  , " ) ;  /*  Enter  Graphics  Mode. 

puts("N, 170, ") ;  /*  Primary  Line  Style:  DASHED  LINE. 

puts("I,2,") ;  /*  Line  Type:  COMPLEMENT. 

/*  Draw  new  "cursor  line". 
printf("P,%d,246,L,%d, 47, ".cursor, cursor); 
puts("E");  /*  Exit  Graphics  Mode. 


/************************************************************************/ 


/* 

*/ 

1* 

NAME:  VOLTLINE. C 

*/ 

/* 

VERSION:  1.0 

*! 

/* 

DATE:  2  December  1983 

*/ 

/* 

MODULE  NUMBER:  17 

*/ 

/* 

FUNCTION:  Moves  horizontal  Volt  Line  up  or  down 

by 

amount 

*/ 

/* 

given  in  "inputl".  Volt  Line  is  not  allowed 

to 

move  off  the 

*/ 

/* 

graph. 

*/ 

/* 

INPUTS:  NONE. 

*/ 

/* 

OUTPUTS:  Draws  new  Volt  Line  on  CRT  screen. 

*/ 

/* 

GLOBAL  VARIABLES  USED:  voltline,  inputl. 

*/ 

/* 

GLOBAL  VARIABLES  CHANGED:  voltline. 

*/ 

/* 

FILES  READ:  NONE. 

V 

/* 

FILES  WRITTEN:  NONE. 

*/ 

/* 

MODULES  CALLED:  NONE. 

*/ 

/* 

CALLING  MODULES:  graphics(). 

*/ 

/* 

*/ 

/* 

AUTHOR:  CAPTAIN  WILLIAM  H.  LIEBER 

*/ 

/* 

*/ 

/* 

HISTORY:  AFIT  THESIS  GE/EE/84D-7 1 :  Development 

of  a 

Dedicated 

*/ 

/* 

Speech  Work  Station.  Thesis  Advisor:  Major 

Larry 

Kizer . 

*/ 

/* 

*/ 

#include  "speech. h"  /*  Contains  all  GLOBAL  VARIABLES.  */ 


/*****************>) i******************************************************/ 


/*  */ 

/*  FUNCTION:  VOLTLINEO  */ 

/*  */ 

/  +  1jr.**  +  1fi*********  ***************  ********  *********************  *************  J 

vol 1 1 ine (  ) 

i 

/*********************************************************************/ 
/*  MOVE  VOLTAGE  LINE  */ 

/*********************************************************************/ 

/*  Volt  Line  must  not  move  off  graph.  */ 
if((volt  line  +  inputl  >=  47)  &&  (volt_line  +  inputl  <=  246))  { 

puts(w\0331 , " ) ;  /*  Enter  Graphics  Mode.  */ 

puts( "N , 1 70, " ) ;  /*  Primary  Line  Style:  DASHED  LINE.  */ 

puts("I,2,") ;  /*  Line  Type:  COMPLEMENT.  */ 

/*  Remove  existing  "voltage  line"  and  */ 

/*  draw  new  "voltage  line".  */ 

printf("P,6,%d,L,501,%d,", vol t_l ine , vol t_l ine); 
volt_line  =  volt_line  +  inputl; 

printf("P,6,%d,L,501l%d,,f,  vol  t_l  ine  ,  vol  t_l  ine  )  ; 

puts("E");  /*  Exit  Graphics  Mode.  */ 

) 

) 
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/************************************************************************/ 


/*  */ 

/*  NAME:  INPUT. C  */ 

/*  VERSION:  1.0  */ 

/*  DATE:  2  December  1983  */ 

/*  MODULE  NUMBER:  18  */ 

/*  FUNCTION:  Allows  user  to:  (1)  Select  "analog  input  channel"  to  */ 

/*  be  sampled,  (2)  Select  data  "sampling  rate",  (3)  Select  total  */ 

/*  "number  of  samples"  to  be  taken,  and  (4)  Select  "first  and  */ 

/*  last  sample"  to  be  converted  during  D/A  conversion.  */ 

/*  INPUTS:  User  entered  alphanumer ics  from  H-19  keyboard.  */ 

/*  OUTPUTS:  User  prompts  displayed  on  CRT  screen.  */ 

/*  GLOBAL  VARIABLES  USED:  is_analog,  channel,  chan_num,  rate,  */ 

/*  rate_num,  max_rate,  is_graphics,  is_digital,  begin_at,  start,  */ 

/*  max_samples,  samples,  finish.  */ 

/*  GLOBAL  VARIABLES  CHANGED:  channel,  chan_num,  rate,  rate_num,  */ 

/*  begin_at,  start,  samples,  finish.  */ 

/*  FILES  READ:  NONE.  */ 

/*  FILES  WRITTEN:  NONE.  */ 

/*  MODULES  CALLED:  NONE.  */ 

/*  CALLING  MODULES:  analog(),  digital(),  graphics().  */ 

/*  */ 

/*  AUTHOR:  CAPTAIN  WILLIAM  H.  LIEBER  */ 

/*  */ 

/*  HISTORY:  AFIT  THESIS  GE/EE/84D-7 1 :  Development  of  a  Dedicated  */ 

/*  Speech  Work  Station.  Thesis  Advisor:  Major  Larry  Kizer.  */ 

/*  */ 


/ ****************************************************************** / 


/************************************************************************/ 


/*  SYMBOLIC  CONSTANTS  */ 

/************************************************************************/ 

#def ine  ESCAPE  27  /*  H-19  CRT  ASCII  "escape"  code.  */ 

#define  R_VIDE0  0x70  /*  H-19  CRT  code  -  enter  reverse  video  mode.  */ 

#define  N_VIDE0  0x71  /*  H-19  CRT  code  -  enter  normal  video  mode.  */ 

# define  TRUE  1  /*  Logic  "true"  is  a  1.  */ 

#define  BACKSPACE  0x08  /*  ASCII  hex  code  for  "Backspace"  key.  */ 

#define  DELETE  0x7F  /*  ASCII  hex  code  for  "Delete"  key.  */ 


/************************************************************************/ 

/*  GLOBAL  VARIABLES  */ 


/************************************************************************/ 

*/ 


#include  "speech. h 


/*  Contains  all  GLOBAL  VARIABLES. 


/************************************************************************/ 
/*  */ 

/*  FUNCTION:  INPUT()  */ 

/*  */ 

/ *^^*t**** *************************************************************** / 

input( ) 

{ 

/*********************************************************************/ 

/*  LOCAL  VARIABLES  */ 

/******************+**************************************************/ 
int  i;  /*  Indexing  variable  used  in  "for"  loop.*/ 

char  c;  /*  Holds  keyboard  response  to  getchar().*/ 

char  max[4];  /*  Holds  LONG  (32  bit)  version  of  max  */ 

/*  number  of  samples  that  can  be  stored*/ 

/*  in  extended  memory.  */ 

int  compare;  /*  Used  to  determine  if  an  "input"  is  */ 

/*  larger  than  maximum  value  allowed.  */ 


putchar(ESCAPE) ;  /*  Display  user 

putchar (R_VIDEO) ; 

puts( "\n\nPress  <CR>  for  default  value. \n"); 
putchar(ESCAPE) ; 
putchar (N_VIDEO) ; 


/*  Display  user  prompt  in  reverse  video.*/ 


/*********************************************************************/ 

/*  SELECT  ANALOG  CHANNEL  */ 

/ft********************************************************************/ 

/*  When  requested,  display  prompt  for  */ 
/*  ANALOG  CHANNEL.  */ 

if(is_analog  «=  TRUE)  { 

El:  printf ("\nANALOG  CHANNEL  to  be  sampled  [%s"t  channel); 

printf("]:  ..  <CR>\b\b\b\b\b\b\b"  )  ; 

/*  Skip  all  keyboard  entries  until  first*/ 
/*  "digit"  or  <CR>  arrives.  */ 

i  «»  0 ; 

while( ( (c=getchar( ) )  <  'O'  ||  c  >  '9')  &&  (c  !=  '\n'))  { 

i f ( c  ==  BACKSPACE  | |  c  ==  DELETE) 
puts( "")  ; 
else 

puts("\b.\b" ) ; 

) 

/*  Enter  ANALOG  CHANNEL  to  be  sampled  */ 
/*  Skip  all  keyboard  entries  except  */ 
/*  "digits"  and  <CR>.  */ 

if  (c  !  **  '  \n  ' )  { 
channelfi]  =  c; 

for(i  ■  1;  (c  ■*  getchar())  !=  '\n'  &&  i  <  2;  ++i)  { 
if (c  ==  BACKSPACE  | |  c  ==  DELETE) 

else  if (c  <  'O’  ||  c  >  '9')  ( 
puts("\b.\b") ; 

—  i; 

)  else 

channel [ i  ]  =  c  ; 
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channel [ i  ]  =  ' \0  ' ; 

} 

chan_num  =*  atoi(channel) ;  /* 

/* 
/ * 

if(chan_num  >  15)  { 

puts( "\nERROR:  MAGIC  only 
goto  El; 

} 

} 


/^^^t***************************************************************** / 
/*  SELECT  SAMPLING  RATE  */ 
/ *************************************************************** / 


/*  When  requested,  display  appropriate  */ 
/*  user  prompt  for  SAMPLING  RATE.  */ 

E2 : if ( ls_graphics  =«TRUE)  { 

pr intf ( "\nWelcome  to  GRAPHICS,  %s.  \n",  name); 

printf ( "\nDuring  any  Analog  Output,  the  SAMPLING  RATE  "); 

printf ( "should  be  [%s",  rate); 

}  else 

printf ( "\nSAMPLING  RATE  in  samples/sec  [%s",  rate); 

printf ("]  s  .  <CR>\b\b\b\b\b\b\b\b\b\b") ; 

L:~.  /*  Skip  all  keyboard  entries  until  first*/ 

/*  "digit"  or  <CR>  arrives.  */ 

i  -  0 ; 

whi  le(  ( (c»getchar  ( ) )  <  'O'  ||  c  >  '9')  &&  (c  !  *»  '\n'))  { 
i f ( c  =»=  BACKSPACE  j|  c  «  DELETE) 
puts( "") ; 
else 

puts("\b.\b") ; 

} 

/*  Enter  SAMPLING  RATE.  */ 

/*  Skip  all  keyboard  entries  except  */ 
/*  "digits"  and  <CR>.  */ 

if(c  U  1  \n '  )  ( 
ratefi]  -  c; 

for(i  ■  1;  (c  ■  getcharQ)  !••  '\n'  &&  i  <  5;  ++i)  { 
i f ( c  ==  BACKSPACE  | |  c  ==  DELETE) 

—  i ; 

else  if (c  <  'O'  | |  c  >  '9'  )  { 
puts("\b.\b")  ; 

—i? 

)  else 

rate[ i  ]  =  c ; 

) 

ratefi]  =  ' \0 ' ; 


Convert  ASCII  "channel"  to  16  bit  */ 
integer  value.  */ 

Check  for  and  respond  to  any  errors.  */ 

allows  channels  0  thru  15  inclusive . \n" )  ; 
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atol ( rate_num ,  rate);  /*  Convert  ASCII  "Sampling  Rate"  to  */ 

/*  32  bit  integer  value.  */ 

atol(max,  max_rate);  /*  Convert  ASCII  "Max  Sampling  Rate"  to  */ 

/*  32  bit  integer  value.  */ 

/*  Check  for  and  respond  to  any  error.  */ 
/*  NOTE:  compare  =  1  if  (rate_num  >  max)*/ 
compare  =  lcomp(rate  nun,  max); 
if(compare  ==  TRUE)  T 

puts("\nERROR:  Maximum  sampling  rate  for  MAGIC  is  31,700.\n"); 
goto  E2; 


/*********************************************************************/ 

/*  SELECT  FIRST  DIGITAL-TO-ANALOG  SAMPLE  */ 


/*  When  requested,  display  prompt  for  */ 
/*  "first  sample"  to  be  D/A  processed.  */ 
E3 : if ( ( is_dlgi tal  =«  TRUE)  ||  (is_graphics  —  TRUE))  ( 
if  (  is_graphics  =»=  TRUE)  ( 

puts("\n500  samples  at  a  time  are  d isplayed . \n" )  ; 
puts("\nMAGIC  should  START  with  sample  "); 
printf ("number  [%s",  begin_at); 

)  else 

printf ("\nSTART  with  sample  number  [%s",  begin_at); 

printf("]:  .  <CR>\b\b\b\b\b\b\b\b\b\b\b") ; 

/*  Skip  all  keyboard  entries  until  first*/ 
/*  "digit"  or  <CR>  arrives.  */ 

i  =  0 ; 

while( ( (c=getchar ( ) )  <  ’O'  ||  c  >  '9')  &&  (c  !»  '\n'))  { 

if(c  ==  BACKSPACE  | |  c  ==  DELETE) 
puts( "")  ; 
else 

puts("\b.\b") ; 

1  /*  Enter  "FIRST  SAMPLE"  to  be  processed.*/ 

/*  Skip  all  keyboard  entries  except  */ 
/*  "digits"  and  <CR>.  */ 

if ( c  !«  '  \n  ' )  { 

begin_at[i]  «  c; 

for(i  =  1;  (c  ■  getchar())  l»  ’\n'  &&  i  <  6;  ++i)  ( 

i f ( c  ==  BACKSPACE  | |  c  =»  DELETE) 

—  i; 

else  i f ( c  <  ’0’  | |  c  >  ’9' )  { 
puts("\b. \b")  ; 

—  i; 

)  else 

b  e  g i n_a  t [ i ]  =  c  ; 

) 

b  e  g i n_a  t [ i ]  =  ' \ 0 ' ; 

) 
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atol ( start ,  begin_at);  /*  Convert  ASCII  "first  sample"  number  */ 

/*  to  32  bit  integer  value.  */ 

atol (max ,  max_saraples ) ;  /*  Convert  ASCII  "maximum  sample  number"*/ 

/*  to  32  bit  integer  value.  */ 

/*  Check  for  and  respond  to  any  error.  */ 
/*  NOTE:  compare  =  1  if  (start  >  max).  */ 
compare  ■  lcomp(start,  max); 
if(compare  ==  TRUE)  ( 

puts ( "\nERROR :  MAGIC  limits  START  sample  to  under  163,840. \n") ; 
goto  E3; 

) 

) 


if ( is_graphics  ==>  TRUE)  /*  Skip  rest  of  function  because  "last  */ 

goto  BYE;  /*  sample"  to  be  processed  is  provided  */ 

/*  by  graphics().  */ 


/* 


SELECT  NUMBER  OF  SAMPLES  TO  PROCESS 


*/ 


/*  When  requested,  display  user  prompt  */ 
/*  for  "last  sample"  to  be  processed.  */ 


E4  :  if ( is_analog  ==  TRUE) 

printf ("\nNUMBER  OF  SAMPLES  to  be  taken  [%s",  samples); 
else  if(is  digital  ==  TRUE) 

printf (^XnFINISH  with  sample  number  [Xs",  samples); 


printf(" ]:  .  <CR>\b\b\b\b\b\b\b\b\b\b\b" ) ; 

/*  Skip  all  keyboard  entries  until  first*/ 
/*  "digit"  or  <CR>  arrives.  */ 

i  ■  0 ; 

while( ((c=getchar( ) )  <  'O'  ||  c  >  *9')  &&  (c  !»  '\n'))  ( 

if(c  =•=  BACKSPACE  |  |  c  ==  DELETE) 
puts("") ; 
else 

puts(" \b.\b")  ; 

/*  Enter  "LAST  SAMPLE"  to  be  processed.  */ 
/*  Skip  all  keyboard  entries  except  */ 
/*  "digits"  and  <CR>.  */ 

if(c  !-  ' \n '  )  ( 

samples[i]  ■  c; 

for(i  ■  1;  (c  »  getcharO)  !-  '\n'  &&  i  <  6;  ++i)  ( 
i f ( c  ==  BACKSPACE  |  |  c  =■»  DELETE) 

— i ; 

else  if (c  <  ’O'  |  |  c  >  '9' )  ( 
puts("\b.\b") ; 

— i; 

)  else 

sampl es [ i  ]  -  c  ; 

) 

samples[  i  ]  «*  '  \0'  ; 


A-59 


atol(finish,  samples);  /*  Convert  ASCII  "last  sample"  to  */ 

/*  32  bit  integer  value.  */ 

atol(max,  max_samples) ;  /*  Convert  ASCII  "maximum  sample  number"*/ 

/*  to  32  bit  integer  value.  */ 

/*  Check  for  and  respond  to  any  error.  */ 


/*  NOTE:  compare  =  1  if  (finish  >  max).  */ 

compare  =*  lcomp( f inish ,  max); 

if(compare  *»=  TRUE  &&  is_analog  ==  TRUE)  { 

puts("\nERROR:  MAGIC  limits  the  number  of  samples  to  163 , 840 . \n" ) ; 
goto  E4; 

)  else  if(corapare  ==  TRUE  &&  is_digital  *=  TRUE)  ( 

puts("\nERR0R:  MAGIC  limits  the  last  sample  to  1 63 , 840 . \n" )  ; 
goto  E4; 

} 


/*********************************************************************/ 
/*  DONE  */ 

/*********************************************************************/ 


/************************************************************************  / 


/* 

*/ 

/* 

NAME:  DMA . C 

*/ 

/* 

VERSION:  1.0 

*/ 

/* 

DATE:  2  December  1983 

*/ 

/* 

MODULE  NUMBER:  19 

*/ 

/* 

FUNCTION:  Initializes  Direct  Memory  Access  (DMA)  chip's 

*/ 

/* 

internal  register's  to:  (1)  Support  analog-to- 

digital  sampling*/ 

/* 

(2)  Support  digital-to-analog  conversion,  (3) 

Provide  2048 

*/ 

/* 

byte  memory-to-memor y  data  transfer  to  support 

store()  and 

*/ 

/* 

retrieve(),  and  (4)  Provide  64K  byte  memory-to 

-memory  data 

*/ 

/* 

transfer  to  clear  extended  memory  boards. 

*/ 

/* 

INPUTS:  NONE. 

*/ 

/* 

OUTPUTS:  NONE. 

*/ 

/* 

GLOBAL  VARIABLES  USED:  is_mem_mem,  is_graphics, 

is_analog , 

*/ 

/* 

is  digital,  is  clearmem. 

*/ 

/* 

GLOBAL  VARIABLES  CHANGED:  NONE. 

*/ 

/* 

FILES  READ:  NONE. 

*/ 

/* 

FILES  WRITTEN:  NONE. 

*/ 

/* 

MODULES  CALLED:  nop(). 

*/ 

/* 

CALLING  MODULES:  analogO,  digital(),  store(), 

retrieve(  )  , 

*/ 

/* 

plot(),  clearmem(). 

*/ 

/* 

*/ 

/* 

AUTHOR:  CAPTAIN  WILLIAM  H.  LIEBER 

*/ 

/* 

*/ 

/* 

HISTORY:  AFIT  THESIS  GE/EE/84D-7 1 :  Development 

of  a  Dedicated 

*/ 

/* 

Speech  Work  Station.  Thesis  Advisor:  Major  Larry  Kizer. 

*/ 

/* 

*/ 

/***** *******************************************************************/ 


/************************************************************************/ 


/*  SYMBOLIC  CONSTANTS  */ 

/************************************************************************/ 

#define  RESET  0x9D  /*  DMA  Master  Reset.  */ 

#def ine  COMMAND  0x98  /*  Write  COMMAND  REGISTER.  */ 

#define  A_0R_D  0x80  /*  Set  Command  Reg  for  A/D  or  D/A  operation.  */ 

#define  MEM_MEM  0x81  /*  Set  Command  Reg  for  MEM-MEM  transfer.  */ 

#define  MEM_CLEAR  0x83  /*  Set  Command  Reg  to  NULL  Extended  Memory.  */ 

#def ine  MASK_F0R  0x9F  /*  Write  all  MASK  REGISTERS.  */ 

#define  ANALOG  OxOB  /♦  Set  DMA  Mask  for  A/D  operation.  */ 

#define  DIGITAL  0x07  /*  Set  DMA  Mask  for  D/A  operation.  */ 

#def ine  MEM_XFER  OxOF  /*  Set  DMA  Mask  for  MEM-MEM  transfer.  */ 

^define  MODE  0x9B  /*  Write  MODE  REGISTER.  */ 

#define  CH0_MREG  0x88  /*  Set  Chan  0  MODE  REG  for  mem-mem  operation.  */ 

#def ine  CH0_ADDR  0x90  /*  Channel  0  ADDRESS  REGISTER.  */ 

#def ine  CH0_BYTE  0x91  /*  Channel  0  BYTE  COUNT  REGISTER.  */ 
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#def ine 

CHI 

MREG 

0x85 

/* 

Set  Chan 

1  MODE  REG  for  mem-mem  operation. 

*/ 

#def ine 

CHI 

ADDR 

0x92 

/* 

Channel 

1  ADDRESS  REGISTER. 

*/ 

#def ine 

CH1_ 

BYTE 

0x93 

/* 

Channel 

1  BYTE  COUNT  REGISTER. 

*/ 

#def ine 

CH2 

MREG 

0x56 

/* 

Set  Chan 

2  MODE  REG  for  A/D  operation. 

*/ 

#def ine 

CH2 

ADDR 

0x94 

/* 

Channel 

2  ADDRESS  REGISTER. 

*/ 

#def ine 

CH2_ 

BYTE 

0x95 

/* 

Channel 

2  BYTE  COUNT  REGISTER. 

*/ 

#def ine 

CH3 

MREG 

0x5B 

/* 

Set  Chan 

3  MODE  REG  for  D/A  operation. 

*/ 

#def ine 

CH3 

ADDR 

0x96 

/* 

Channel 

3  ADDRESS  REGISTER. 

*/ 

#def ine 

CH3_ 

BYTE 

0x97 

/* 

Channel 

3  BYTE  COUNT  REGISTER. 

*/ 

#def ine 

TRUE 

1 

/* 

Logic  "true"  is  a  1. 

*/ 

#def ine 

ZERO 

0x00 

/* 

Used  to 

initialize  memory  location. 

*/ 

#def ine 

BYTE 

_C0UNT 

OxFF 

/* 

Used  to 

initialize  byte  count. 

*/ 

t ^ t***** ************************************************************** / 
/*  GLOBAL  VARIABLES  */ 
/************************************************************************/ 
#include  "speech. h"  /*  Contains  all  GLOBAL  VARIABLES.  */ 


f ******************* *******************4nh*********************** ********* / 

/*  */ 

/*  FUNCTION:  DMA( )  */ 

/*  */ 

/************************************************************************/ 

/*************************************************************/ 

/*  NOTE:  CHANNEL  0:  MEMORY-MEMORY  TRANSFER  (SOURCE).  */ 

/*  CHANNEL  1:  MEMORY-MEMORY  TRANSFER  (DESTINATION).  */ 

/*  CHANNEL  2:  ANALOG-TO-DIGITAL  CONVERSION.  */ 

/*  CHANNEL  3:  DIGITAL-TO-ANALOG  CONVERSION.  */ 

/*************************************************************/ 


dma( ) 
{ 


^  ********************************************************************* / 
/*  LOCAL  VARIABLES  */ 

/*********************************************************************/ 
char  xfer_lo;  /*  Holds  number  of  bytes  to  transfer  */ 

char  xfer_hi;  /*  during  Memor y-to-Memory  operations.  */ 

/*********************************************************************/ 
/*  LOAD  DMA  COMMAND  REGISTER  */ 

/*********************************************************************/ 
outp(RESET) j  /*  RESET  DMA  chip.  */ 

nop();  /*  NOTE:  A  small  delay  is  required  */ 

/*  between  loading  of  DMA’s  internal  */ 

/*  registers.  */ 
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if ( (is_mera_raem  =  =  TRUE)  |j  (is_graphics  =  =  TRUE))  ( 
outp(COMMAND,  MEM_MEM) ; 
nop(); 

)  else  if ( ( is_analog  ==  TRUE)  ||  (is_digital  ==  TRUE))  { 
outp(COMMAND,  A_OR_D); 
nop( ) ; 

)  else  { 

outp(COMMAND,  MEM_CLEAR)  ; 
nop(  ) ; 

) 


/^t******************************************************************* / 

/*  LOAD  DMA  FOR:  MEMORY-TO-MEMORY  TRANSFER  */ 


/*  Determine  the  number  of  bytes  to  be  */ 
/*  moved  durina  a  Memor y-to-Memor y  */ 
/*  transfer.  */ 


if ( is_mem_mem  ==  TRUE)  { 

xfer_lo  ■  0x00;  /*  (0800)H  =  2048,  number  bytes  moved  */ 

xfer_hi  =  0x08;  /*  during  ST0RE()  and  RETRIEVE( ) .  */ 

)  else  if (is_graphics  ==  TRUE)  { 

xfer_lo  =  0xE8;  /*  (03E8)H  =  1000,  number  of  bytes  to  */ 

xfer  hi  »  0x03;  /*  be  moved  during  PL0T().  */ 

}  else  T 

xfer_lo  =  OxFF;  /*  (FFFF)H  =  64K,  number  of  bytes  to  be  */ 

x f e r_h i  =  OxFF;  /*  NULLED  during  CLEARMEM( ) .  */ 

) 


if ( (is_mem_mem  ==  TRUE)  ||  (is  graphics  TRUE)  ||  ( is_clearmem) )  ( 
outp(MODE,  CH0_MREG) ;  “  /*  Load  Group  0  MODE  REGISTER.  */ 

nop ( ) ;  /*  (SOURCE.)  */ 

outp(CHO_ADDR ,  from[3]);  /*  Load  "Address  Register"  with  */ 

nop();  /*  with  address  of  where  first  */ 

outp(CH0_ADDR ,  from[2]);  /*  byte  is  to  "come  from".  */ 

nop ( )  ; 

outp(CH0_BYTE,  xfer_lo);  /*  Load  "Word  Count  Register"  */ 

nop();  /*  with  number  of  bytes  to  be  */ 

outp(CH0_BYTE,  xfer_hi);  /*  transferred.  */ 

outp(M0DE ,  CH1_MREG) ;  /*  Load  Group  1  MODE  REGISTER.  */ 

nop();  /*  (DESTINATION.)  */ 

outp(CHl_ADDR ,  to [ 3 ] ) ;  /*  Load  "Address  Register"  with  */ 

nop();  /*  address  where  1st  byte  is  */ 

outp(CHl_ADDR ,  to[2]);  /*  "moved  to".  */ 

nop(  )  ; 

outp(CHl_BYTE,  xfer_lo);  /*  Load  "Word  Count  Register"  */ 

nop();  /*  with  number  of  bytes  to  be  */ 

outp(CHl_BYTE,  xfer_hi);  /*  transferred.  */ 

nop (  )  ; 


) 


/*********************************************************************/ 


/* 

LOAD  DMA  FOR: 

ANALOG 

-TO-DIGITAL  SAMPLING 

*/ 

/* 

****************************************************************** 

**/ 

if 

(is  analog  ==  TRUE)  { 

outp(MODE,  CH2 

_MREG ) ; 

/* 

Load  Group  2  MODE  REGISTER. 

*/ 

nop(  )  ; 

outp(CH2_ADDR, 

ZERO)  ; 

/* 

Load  "Address  Register"  with 

*/ 

nop( ) ; 

/* 

address  of  1st  byte  (OOOOH) 

*/ 

outp(CH2_ADDR, 
nop(  ) ; 

ZERO)  ; 

/* 

on  extended  memory  boards. 

*/ 

outp(CH2_BYTE, 

BYTE_COUNT) ; 

/* 

Load  "Word  Count  Register" 

*/ 

nop( )  ; 

/* 

with  number  of  bytes  (64K) 

*/ 

outp ( CH2_BYTE , 
nop( )  ; 

BYTE_COUNT) ; 

/* 

on  exteded  memory  boards. 

*/ 

} 


/****«: ******************************** 
/*  LOAD  DMA  FOR:  DIGITAL 

/  li****^*^^  ******************  ********** 

if ( is_digital  ==  TRUE)  { 


outp ( MODE ,  CH3. 

MR EG)  ; 

/ 

nop ( )  ; 

outp(CH3_ADDR, 

ZERO) ; 

/ 

nop( )  ; 

/ 

outp(CH3_ADDR, 
nop(  )  ; 

ZERO) ; 

/ 

outp(CH3_BYTE, 

BYTE_COUNT) ; 

/ 

nop(); 

/ 

outp(CH3_BYTE, 
n°p( ) ; 

BYTE_COUNT); 

/ 

^t******************************/ 

-TO-ANALOG  CONVERSION  */ 

********************************/ 

*  Load  Group  3  MODE  REGISTER.  */ 

*  Load  "Address  Register"  with  */ 

*  address  of  1st  byte  (0000H)  */ 

*  on  extended  memory  boards.  */ 

*  Load  "Word  Count  Register"  */ 

*  with  number  of  bytes  (64K)  */ 

*  on  extended  memory  boards.  */ 


) 


/ *************************************************************** / 

/*  MASK  DMA  REGISTERS  */ 

/***♦* i***  ********  ********************  t********************************/ 

if ( is_ana!og  ==  TRUE)  { 


outp(MASK_FOR,  ANALOG); 
nop( ) ; 

else  if  (is_digital  ==  TRUE) 
outp(MASK_FOR ,  DIGITAL); 
nop( ) ; 
else  ( 

outp(MASK_FOR,  MEM_XFER) ; 
nop() ; 


/* 

Allow  only 

analog-to-digital 

/* 

requests . 

/* 

Allow  only 

digital-to-analog 

/* 

requests . 

*/ 

*/ 


*/ 

*/ 


/*  Allow  only  software  memory-  */ 
/*  to-raemory  transfer  requests.*/ 


/*  */ 

/*  NAME:  TIMING. C  */ 

/*  VERSION:  1.0  */ 

/*  DATE:  2  December  1983  */ 

/*  MODULE  NUMBER:  20  */ 

/*  FUNCTION:  Initializes  System  Timing  Controller  (STC)  chip's  */ 

I*  internal  registers  to:  (1)  Provide  A/D  or  D/A  clock  pulses  at  */ 

/*  user  specified  triggering  rate,  (2)  Disable  A/D  or  D/A  */ 

/*  capability  after  user  specified  number  of  data  samples  are  * l 

/*  processed,  and  (3)  Provide  by-passing  of  unrequired  data  */ 

/*  samples  at  the  beginning  of  a  memory  board  during  digital-to-  * / 

/*  analog  output  operation.  */ 

/*  INPUTS:  NONE.  */ 

/*  OUTPUTS:  NONE.  */ 

/*  GLOBAL  VARIABLES  USED:  limitlA,  limit2A,  limit3A,  limit4A,  */ 

/*  limitSA,  limit6A,  Hmit7A,  limit8A,  is_analog,  finish,  */ 

/*  is_digital,  start,  crystal,  rate_nura.  */ 

/*  GLOBAL  VARIABLES  CHANGED:  NONE.  */ 

/*  FILES  READ:  NONE.  */ 

/*  FILES  WRITTEN:  NONE.  */ 

/*  MODULES  CALLED:  NONE.  */ 

/*  CALLING  MODULES:  analogO,  digital().  *7 

/*  */ 

/*  AUTHOR:  CAPTAIN  WILLIAM  H.  LIEBER  */ 

/*  */ 

/*  HISTORY:  AFIT  THESIS  GE/EE/84D-71 :  Development  of  a  Dedicated  */ 

/*  Speech  Work  Station.  Thesis  Advisor:  Major  Larry  Kizer.  */ 

/*  */ 


t  ***********************************************  / 


/*  SYMBOLIC  CONSTANTS  */ 

#define  STC_D  0x10  /*  Address  System  Timing  Controller  (STC)  */ 

/*  chip  select  -  data  register  transfer.  */ 
#def ine  STC_C  0x11  /*  Address  STC  chip  select  -  control  * / 

/*  register  transfer.  */ 

#def ine  RESET  OxFF  /*  STC  Master  Reset  code.  */ 

#define  MM_REG  0x17  /*  MASTER  MODE  register’s  address.  */ 

#define  MM_L0BYTE  OxOC  /*  Reg  1  &  2:  Set  to  compare  separately.  */ 

((define  MM_HIBYTE  OxCl 

#define  REG1_CM  0x01  /*  Address  COUNTER  MODE  register,  group  1.  */ 

#define  CM1_L0BYTE  0x29  /*  Set  for  active  HI  pulse  out  on  a  true  */ 

#define  CM1_HIBYTE  0x00  /*  compare.  */ 

Idefine  REG1_C0MPARE  0x07  /*  Address  COMPARE  register,  group  1.  */ 

Idefine  REG1_L0AD  0x09  /*  Address  LOAD  register,  group  1.  */ 
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#def ine 

REG2  CM 

0x02 

/* 

Address  COUNTER  MODE  register, 

group 

2. 

*/ 

#def ine 

CM2  LOBYTE 

0x29 

/* 

Set  for  active  HI  pulse  out  on 

a  true 

*/ 

#def ine 

CM2  HIBYTE 

0x00 

/* 

compare . 

*/ 

#def ine 

REG2  COMPARE 

OxOF 

/* 

Address  COMPARE  register,  group 

2. 

*/ 

#def ine 

REG2_L0AD 

OxOA 

/* 

Address  LOAD  register,  group  2. 

*/ 

#def ine 

REG4  CM 

0x04 

/* 

Address  COUNTER  MODE  register, 

group 

4. 

*/ 

#def ine 

CM4  LOBYTE 

0x02 

/* 

Set  for  active  HI  toggle. 

*/ 

#def ine 

CM4  HIBYTE 

0x14 

#def ine 

REG4_L0AD 

OxOC 

/* 

Address  LOAD  register,  group  4. 

*/ 

#def ine 

REGS  CM 

0x05 

/* 

Address  COUNTER  MODE  register. 

group 

5. 

*/ 

#def ine 

CM5  LOBYTE 

0x21 

/* 

Set  for  active  HI  pulse  out. 

*/ 

#def ine 

CM5  HIBYTE 

OxOB 

^define 

REG5_L0AD 

OxOD 

/* 

Address  LOAD  register,  group  5. 

*/ 

#def ine 

TRUE 

1 

/* 

Logic  "true"  is  a  1. 

*/ 

#def ine 

ZERO 

0x00 

/* 

Makes  program  easier  to  read. 

*/ 

#def  ine 

LOAD 

0x5B 

/* 

Load  STC  registers  1,2, 4, 5. 

*/ 

#def ine 

ARM 

Ox  2B 

/* 

Arm  STC  registers  1,2,4, 

*/ 

/************************************************************************/ 
/*  GLOBAL  VARIABLES  */ 

/************************************************************************/ 
#include  "speech. h"  /*  Contains  all  GLOBAL  VARIABLES.  */ 


/****************  ********************************************************/ 
/*  */ 

/*  FUNCTION:  TIMINGO  */ 

/*  */ 

/************************************************************************/ 


timing( 

( 

/*** 

/* 

/*** 

char 

char 

char 

char 

char 

char 

char 

char 


/************************************************* 
/*  NOTE:  REGISTERS  1&2  --  FINISH  COUNT 

/*  REGISTER  4  --  D/A  OFFSET 

/*  REGISTER  5  --  CLOCK 

/************************************************* 


*********** 

*********** 
limitl [ 4 ] ; 
1 imi 1 2 [ 4  ]  ; 
1 imi 1 3 [ 4  j ; 
1 imi t4 [  4  j  ; 
limit5[ 4  ]  ; 
1 imi 1 6 [ 4  ]  ; 
limit7[4]  ; 
1 imi t8 [ 4  j  ; 


******************************** 

LOCAL  VARIABLES 

******************************** 

/*  Holds  32  bit  version  of 
/*  Holds  32  bit  version  of 
/*  Holds  32  bit  version  of 
/*  Holds  32  bit  version  of 
/  *  Holds  32  bit  version  of 
/*  Holds  32  bit  version  of 
/*  Holds  32  bit  version  of 
/*  Holds  32  bit  version  of 


***************** 


********* 
global  " 
global  " 
global  " 
global  " 
global  " 
global  " 
global  " 
global  " 


******* 
limit  1 A 
limit2A 
limit3A 
1  imi  t4A 
liiait5A 
limit6A 
limit7A 
limit8A 


******* / 
*/ 
*1 
*/ 

******* / 


*******/ 

*/ 

*******/ 
[7]".  */ 
17]".  */ 
17]".  */ 


[7]".  */ 
[7]".  */ 


char  one [ 4  ] ; 
char  two [ 4 ] ; 


/*  Holds  LONG  (32  bit)  version  of  1, 
/*  Holds  LONG  (32  bit)  version  of  2, 
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char  stop_at ( 4 ] ; 
char  start_at[4]; 


char  f requency [ 4 ] ; 
char  clock [ 4  ]  ; 


int  isl 
int  is2 
int  is3 
int  is4 
int  is5 
int  is6 
int  is7 
int  is8 


/*  Holds  32  bit  version  of  number  of  "data  */ 
/*  samples"  to  be  taken  plus  one.  */ 
/*  Holds  32  bit  version  of  number  of  "data  */ 
/*  samples"  to  be  by-passed  on  a  memory  board  */ 
/*  before  a  digital-to-analog  output  begins.  */ 
/*  Holds  32  bit  version  of  global  "crystal".  */ 
/*  Holds  32  bit  version  of  STC  "crystal"  pulses  */ 
/*  which  must  occur  before  a  TRIGGER  clock  */ 
/*  pulse  is  sent  out  by  STC  Register  5.  */ 

/*  isl  thru  is8  are  used  to  determine  on  which  */ 
/*  memory  board  a  digital-to-analog  conversion  */ 
/*  is  to  begin,  isl  and  is2  determine  if  the  */ 
/*  first  sample  to  be  outputted  is  on  extended  */ 
/*  memory  board  #1.  is3  and  is4  determine  if  */ 
/*  the  first  sample  to  be  outputted  is  on  */ 
/*  extended  memory  board  #2.  And  so  on.  */ 


/ft********************************************************************/ 

/*  INITIALIZE  VARIABLES  */ 

/ft********************************************************************/ 


atol( limitl 
atol( limit2 
atol  ( limit3 
atol(limit4 
atol( limit5 
atol ( limit6 
a tol ( 1 imi t 7 
atol ( limit8 


,  limitlA) 
.  limit2A) 
,  limit3A) 
,  limit4A) 
,  limit5A) 
,  limit6A) 
,  limit7A) 
,  limit8A) 


i tol ( one , 1 ) ; 
i tol ( two , 2 ) ; 


/*  Form 
/*  Form 
/*  Form 
/*  Form 
/*  Form 
/*  Form 
/*  Form 
/*  Form 


32  bit 
32  bit 
32  bit 
32  bit 
32  bit 
32  bit 
32  bit 
32  bit 


version 

version 

version 

version 

version 

version 

version 

version 


of  "limitlA" 
of  "limit2A" 
of  "lirait3A" 
of  "limit4A" 
of  "limit5A" 
of  "limit6A" 
of  "limit7A" 
of  "limit8A" 


/*  Convert  1  into  a  32  bit  integer. 
/*  Convert  2  into  a  32  bit  integer. 


DETERMINE  NUMBER  OF  SAMPLES  TO  CLOCK  IN  OR  OUT 


if(is_analog  ==  TRUE)  /*  For  A/D,  clock  one  more  time  than  */ 

ladd( stop_at , finish , one) ;  /*  total  number  of  samples  requested.  */ 


else  i f ( is_digi tal  ==  TRUE)  { 

isl  =  lcomp( start t limit  1 ) ; 
is2  =  lcorap( s tar t , 1 imi t 2 ) ; 
is3  =  lcomp( star t , 1 imi t3) ; 
is4  =  lcorap( star t , 1 imi t4 ) ; 
is5  =  lcomp(start, limits) ; 
is6  =  lcomp ( s tar t , limi t6) ; 
is7  «  lcorap( star t , limi t7) ; 
is8  =  lcomp(start , 1 imi t8) ; 


/*  For  D/A,  first  determine  which  */ 
/*  memory  board  the  1st  sample  is  on.*/ 
/*  For  (start  >  limitl),  lcomp  =  1.  */ 
/*  For  (start  =  limitl),  lcomp  =  0.  */ 
/*  For  (start  <  limitl),  lcomp  =  -1.  */ 


i 


/* 

Here  is  where  the  determination  is 

*/ 

/* 

really  made.  Total 

samples  include 

*/ 

/* 

those  by-passed  at 

the  beginning  of 

*/ 

/* 

a  memory  board. 

*/ 

i f ( ( is  1  ==  1  |  |  is  1  ==  0)  &&  (is2  ==  -1  ||  is2  ==  0))  ( 

iadd(stop_at , finish, one) ; 

)  else  if((is3  ==  1  | |  is3  ==  0)  &&  (is4  ==  -1  | |  is4  ==  0))  ( 

lsub(sto  p_a  t , finish, limit2) ; 
ladd(sto p_a t.stop  at, one); 

)  else  i f ( ( is5  ==  1  fl  is5  ==  0)  &&  (is6  ==  -1  ||  is6  ==  0))  { 

lsub(stop_at, finish, limit4) ; 
ladd(sto p_a t.stop  at, one); 

)  else  if((is7  ==  1  "["|  is7  ==  0)  &&  (is8  ==  -1  ||  is8  ==  0))  [ 
lsub(stop_at , finish, limit6); 
ladd(stop_at,sto  p_a  t , o  n  e ) ; 

)  else  { 

lsub(sto  p_a  t, finish, 1  i  m  i  1 8  )  ; 
ladd(stop_at,stop_at,one) ; 

) 

} 

/*** **** * ************************************************************* / 


/*  LOAD  STC  REGISTERS  */ 

/********************  itc  ^  ********************************************  / 

outp(STC_C,  RESET);  /*  Master  Reset  the  STC.  */ 

outp(STC_C,  MM_REG);  /*  Load  the  MASTER  MODE  register.  */ 

outp(STC_D,  MM_L0BYTE); 
outp(STC_D,  MM_HIBYTE); 

outp(STC_C,  REG1_CM);  /*  Load  the  COUNTER  MODE  register  for  */ 

outp(STC_D,  CM1_L0BYTE);  /*  register  group  number  1.  */ 

outp(STC_D,  CM1JIIBYTE); 

outp(STC_C,  REG1_C0MPARE) ;  /*  Load  the  COMPARE  register  for  */ 

outp(STC_D,  stop_at[3]);  /*  register  group  number  1.  */ 

outp(STC_D,  stop_at[2]); 

outp(STC_C,  REG1_L0AD);  /*  Load  the  LOAD  register  for  register  */ 

outp(STC_D,  ZERO);  /*  group  number  1.  */ 

outp(STC_D,  ZERO); 

outp(STC_C,  REG2_CM);  /*  Load  the  COUNTER  MODE  register  for  */ 

outp(STC_D,  CM2_L0BYTE);  /*  register  group  number  2.  */ 

outp( STC_D ,  CM2_HIBYTE); 

outp(STC_C,  REG2_C0MPARE) ;  /*  Load  the  COMPARE  register  for  */ 

outp(STC_D,  stop_at[l])j  /*  register  group  number  2,  */ 

outp(STC_D,  stop_at[0]); 

outp(STC_C,  REG2_L0AD);  /*  Load  the  LOAD  register  for  register  */ 

outp(STC_D,  ZERO);  /*  group  number  2.  */ 

outp(STC_D,  ZERO); 
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outp(STC_C ,  REG4_CM) ;  /*  Load  the  COUNTER  MODE  register  for  */ 
outp(STC_D,  CM4_LOBYTE);  /*  register  group  number  4.  */ 
outp(STC_D,  CM4_HIBYTE); 

lmul( start_at , start , two) ;  /*  Determine  the  samples  to  be  by-passed*/ 
lsub(start_at , start_at , one)  ;  /*  before  a  D/ A  conversion  begins.  */ 
outp(STC_C,  REG4_L0AD);  /*  Load  the  LOAD  register  for  register  */ 
outp(STC_D,  s tar t_a t [ 3 ] ) ;  /*  group  number  4.  */ 
outp(STC_D,  start_at [ 2] ) ; 

outp(STC_C ,  REG5_CM) ;  /*  Load  the  COUNTER  MODE  register  for  */ 
outp(STC_D,  CM5_L0BYTE) ;  /*  register  group  number  5.  */ 
outp(STC_D,  CM5_HIBYTE) ; 

atoJ ( frequency .crystal)  ;  /*  Determine  how  often  the  trigger  */ 
ldivv.  clock ,  frequency ,  rate_num)  ;  /*  clock  pulse  is  to  occur.  */ 
outp(STC_C,  REG5_L0AD) ;  /*  Load  the  LOAD  register  for  register  */ 
outp(STC_D,  clock[3]);  /*  group  number  5.  */ 
outp(STC_D,  clock[2]); 

outp(STC_C,  LOAD);  /*  Load  STC  register  groups  1,2, 4, 5.  */ 
outp(STC_C,  ARM);  /*  Arm  STC  register  groups  1,2,4.  */ 


****************************  ****************************************** / 


/*  */ 

/*  NAME:  CLEARMEM.C  */ 
/*  VERSION:  1.0  */ 
/*  DATE:  2  December  1983  */ 
/*  MODULE  NUMBER:  21  */ 
/*  FUNCTION:  Places  binary  zero  (00000000B)  in  each  memory  byte  */ 
/*  of  all  extended  memory  boards.  */ 
/*  INPUTS:  NONE.  */ 
/*  OUTPUTS:  NONE.  */ 
/*  GLOBAL  VARIABLES  USED:  is_clearmem,  from,  to,  mem_buffer.  */ 
/*  GLOBAL  VARIABLES  CHANGED:  is_clearmera,  from,  to,  mem_buffer.  */ 
/*  FILES  READ:  NONE.  */ 
/*  FILES  WRITTEN:  NONE.  */ 
/*  MODULES  CALLED:  dma().  */ 
/*  CALLING  MODULES:  analog(),  retrieve().  */ 
/*  */ 
/*  AUTHOR:  CAPTAIN  WILLIAM  H.  LIEBER  */ 
/*  */ 
/*  HISTORY:  AFIT  THESIS  GE/EE/84D-71 :  Development  of  a  Dedicated  */ 
/*  Speech  Work  Station.  Thesis  Advisor:  Major  Larry  Kizer.  */ 
/*  *! 


/it***********************************************************************/ 


/^^^t********************************************************************/ 


/*  SYMBOLIC  CONSTANTS  */ 

/I***********************************************************************/ 

#def ine  TRUE  1  /*  Logic  "true"  is  a  1.  */ 

#def ine  FALSE  0  /*  Logic  "false"  is  a  0.  */ 

fdefine  TOGGLE  0  /*  TOGGLE  may  be  any  value.  TOGGLE  is  used  in  */ 

/*  the  'value'  position  of  the  "C"  statement:  */ 
/*  ou t p ( port , value ) .  */ 

#define  HI_L0  OxBO  /*  Address  which  toggles  memor y-to-memory  data  */ 

/*  transfer  between  "Hl-memory  to  LO-memory"  */ 

/*  mode  and  "LO-memory  to  Hl-memory"  mode.  */ 

#define  CPU_MEM  OxDO  /*  Address  which  toggles  between  "CPU  or  DMA"  */ 

/*  actions  and  "MEMORY-TO-MEMORY"  transfers.  */ 

#define  EXTENDED  0x70  /*  Address  used  to  load  Extended  Address.  */ 

#define  REQUEST  0x99  /*  Address  of  software  DREQ  Request  Register.  */ 

#define  MEM_XFER  0x04  /*  Software  DMA  CHAN-0  request,  i.e.  start  */ 

/*  raemory-to-raemor y  transfer.  */ 


/************************************************************************/ 
/*  GLOBAL  VARIABLES  */ 

/************************************************************************/ 

#include  "speech. h"  /*  Contains  all  GLOBAL  VARIABLES.  */ 
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/************************************************************************/ 
/*  */ 

/*  FUNCTION;  CLEARMEM( )  */ 

/*  */ 

/************************************************************************/ 
c learraem( ) 


( 


/*********************************************************************/ 

*/ 

*************/ 
or"  loop.  */ 
tr  nun.  */ 


/* 

LOCAL 

VARIABLES 

/♦if*************************************************.** 

int  i ; 

/* 

Index  variable  used  in 

int  holder; 

/* 

Holds  address  found  by 

/* 

Binary  operations  can 

/* 

integer  value,  but  no 

char  *ptr_num; 

/* 

Used  to  find  first  add 

/* 

raera_buffer  array. 

pointer.  */ 
s  of  */ 

*/ 

/*********************************************************************/ 
/*  INITIALIZE  VARIABLES  */ 

/*********************************************************************/ 


is_clearraem  =  TRUE; 

/* 

Enable  selected  portion  of  other 

*/ 

/* 

functions  used  by  clearmem(). 

*/ 

ptr_nurn  =  &mein_buf  fer  [0]  ; 
holder  =  ptr_num; 

/* 

Find  memory  address  of  buffer  array. 

*/ 

from[3]  =  ptr__num; 

1* 

Memory  address  where  data  is  found. 

*/ 

from[2]  »  holder  >>  8; 
from [ 1  ]  »  0x00; 
from[0]  =  0x00; 

/* 

Used  by  dma(). 

*/ 

mem_buf fer [0]  =  0x00; 

/* 

Load  data  byte  (00000000B)  to  be 

*/ 

/* 

transf ered . 

*/ 

to[3]  »  0x00; 

/* 

Initial  memory  address  where  data  is 

*/ 

to[2]  =  0x00; 
to[l]  =  0x01; 
to[0]  =  0x00; 

/* 

to  be  moved.  Used  by  dma(). 

*/ 

/♦I******************************************#*********#***************/ 

/*  CLEAR  EXTENDED  MEMORY  */ 

/♦t******************#***********#************************************/ 


outp(CPU_MEM, TOGGLE) ; 

outp(HI_LO, TOGGLE) ; 

for(i  =  I;  i  <=  5;  ++i)  { 
outp(EXTENDED, to[  1  ] ) ; 

dma( ) ; 

outp(REQUEST,MEM_XFER) ; 
to [  1  ]  **  to[  1  ]  +  0x01 ; 


/* 

Set 

hardware 

for  "Memory- 

to-Memor y " 

*/ 

/* 

da  t 

a  transfe 

r . 

*/ 

/* 

Set 

hardware 

for  "LO-raemo 

ry  to  HI- 

*/ 

/* 

memory"  data 

transfer . 

*/ 

/* 

Clea 

r  all  ext 

ended  memory 

boards . 

*/ 

/* 

Load 

extended 

address  of 

memory 

*/ 

/* 

boa 

rd  to  be 

cleared . 

*/ 

/* 

Set 

DMA  chip 

for  data  tra 

nsf er . 

*/ 

/* 

Begi 

n  64K  Memor y-to-Meraor 

y  transfer. 

*/ 

/* 

Form 

extended 

address  of 

next  memory 

*/ 

/* 

boa 

rd  to  be 

cleared . 

*/ 
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/*********************************************************************/ 


/*  DONE  */ 

/ ^***^* t***** ********************************************************* / 

outp(HI_LO, TOGGLE) ;  /*  Set  hardware  for  "Hl-memory  to  L0-  */ 

/*  memory"  data  transfer.  */ 

outp(CPU_MEM, TOGGLE) ;  /*  Set  hardware  for  "CPU  or  DMA"  */ 

/*  operation.  */ 

is_clearraera  =  FALSE;  /*  Disable  selected  portions  of  other  */ 

/*  functions  used  by  clearmem().  */ 
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./***********************************************************************/ 


;/*  */ 

■J*  NAME:  NOP.CSM  */ 

;/*  VERSION:  1.0  */ 

■J*  DATE:  2  December  1983  */ 

;/*  MODULE  NUMBER:  22  */ 

;/*  FUNCTION:  Provides  delay  required  during  loading  of  Direct  */ 

;/*  Memory  Access  (DMA)  chip's  internal  registers.  */ 

;/*  INPUTS:  NONE.  */ 

;/*  OUTPUTS:  NONE.  */ 

;/*  GLOBAL  VARIABLES  USED:  NONE.  */ 

;/*  GLOBAL  VARIABLES  CHANGED:  NONE.  */ 

;/*  FILES  READ:  NONE.  */ 

;/*  FILES  WRITTEN:  NONE.  */ 

;/*  MODULES  CALLED:  NONE.  */ 

;/*  CALLING  MODULES:  draa().  */ 

;  /*  */ 

•J*  AUTHOR:  CAPTAIN  WILLIAM  H.  LIEBER  */ 

■J*  */ 

•J*  HISTORY:  AFIT  THESIS  GE/EE/84D-71 :  Development  of  a  Dedicated  */ 

;/*  Speech  Work  Station.  Thesis  Advisor:  Major  Larry  Kizer.  */ 

■J*  */ 


INCLUDE  bds.lib 
FUNCTION  nop 

NOP  ;  ALLOWS  SMALL  DELAYS  TO  BE  INSERTED  INTO 

NOP  ;  THE  "C"  PROGRAM.  REQUIRED  IN  DMA( ) . 

NOP 
RET 

ENDFUNCTION 
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./****#******************************************************************/ 


;/*  */ 
;/*  NAME:  WAIT.CSM  */ 

;/*  VERSION:  1.0  */ 

;/*  DATE:  2  December  1983  */ 

;/*  MODULE  NUMBER:  23  */ 


;/*  FUNCTION:  Prevents  CPU  from  executing  SPEECH  program  statements*/ 
;/*  until  all  data  samples  have  been  taken  by  analog()  or  played  */ 
;/*  out  by  digital().  Done  by  placing  CPU  in  a  tight  loop  and  not  */ 
;/*  exiting  the  loop  until  an  interrupt  has  occurred.  The  System  */ 


;/*  Timing  Controller  (STC)  chip  activates  the  interrupt  signal  */ 
;/*  after  all  samples  have  been  used.  */ 
;/*  INPUTS:  Interrupt  line  driven  active  by  STC  chip  action.  */ 
;/*  OUTPUTS:  NONE.  */ 
;/*  GLOBAL  VARIABLES  USED:  NONE.  */ 
;/*  GLOBAL  VARIABLES  CHANGED:  NONE.  */ 
;/*  FILES  READ:  NONE.  */ 
;/*  FILES  WRITTEN:  NONE.  */ 
;/*  MODULES  CALLED:  NONE.  */ 
;/*  CALLING  MODULES:  analogO,  digital().  */ 
;/*  */ 
;/*  AUTHOR:  CAPTAIN  WILLIAM  H.  LIEBER  */ 
;/*  */ 
;/*  HISTORY:  AFIT  THESIS  GE/EE/84D-7 1 :  Development  of  a  Dedicated  */ 
;/*  Speech  Work  Station.  Thesis  Advisor:  Major  Larry  Kizer.  */ 
;/*  */ 


./***********************************************************************/ 


IINCLUDE  bds.lib 
FUNCTION  wait 

.ft***************************************************************/ 

\*  CREATE  STORAGE  BYTE  &  SAVE  REGISTERS  */ 

.I*******************************#********************************/ 

CHECK:  DS  1  ;  Byte  to  be  checked  during  loop  operation. 

PUSH  PSW  ;  Save  affected  registers. 

PUSH  D  ; 

PUSH  H  ; 


****************************************************************/ 
*  LOAD  INTERRRUPT  ROUTINE  */ 

****************************************************************/ 


MVI  L , 38H 

MVI  H,00H 

MVI  E , 36H 

MOV  M, E 

INR  L 

MVI  E.01H 

MOV  M, E 


MVI  data  to  Memory  =  00110110B. 

Place  "MVI  data  to  M"  command  in  memory 
location  38H. 


Place  data  "01H"  in  memory  location  39H. 
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INR  L 

MVI  E.0C9H 

MOV  M,E 


RETURN  =  1 1001001B . 

Place  "RET"  command  in  memory  location  3AH. 


LOOP: 


****************************************************************/ 
*  WAIT  UNTIL  ALL  SAMPLES  HAVE  BEEN  TAKEN  */ 

****************************************************************/ 
XI  H, CHECK  ;  INITIALIZE:  CHECK  BYTE  =  0 

VI  M , OOH  :  "A"  REGISTER  =  1 

VI  A , 01 H  ; 

I  ;  Enable  Interrupt. 

MP  M  :  LOOP  until  CHECK  BYTE  =  1 


ft***************************************************************/ 

*  DONE  */ 

*****#******************************************>!'•'  *************/ 


DI 

POP  H 

POP  D 

POP  PSW 

RET 


Disable  Interrupt. 

RESTORE  affected  registers. 


RETURN  to  calling  program. 


ENDFUNCTION 
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SCALE 


Rieeo* 

tONHECTO* 


LIST  OF  INTEGRATED  CIRCUITS  USED 


IC  #1 

SN74LS244 

Octal  Bus  Driver 

IC  #2 

HM6116P 

Memory  Chip 

IC  #3 

HM6116P 

Memory  Chip 

IC  #4 

SN74LS688 

8-Bit  Compare 

IC  #5 

SN74LS125 

Quad  Bus  Driver 

IC  #6 

SN74LS 125 

Quad  Bus  Driver 

IC  #7 

SN74LS74 

D  Flip  Flop 

IC  #8 

SN74LS244 

Octal  Bus  Driver 

IC  #9 

SN74LS688 

8-Bit  Compare 

IC  #10 

SN74LS688 

8-Bit  Compare 

IC  #11 

SN74LS244 

Octal  Bus  Driver 

IC  #12 

SN74LS244 

Octal  Bus  Driver 

IC  #13 

SN74LS32N 

2-Input  OR 

IC  #14 

SN74LS14 

Hex  Inverter 

IC  #15 

SN74LS00 

2-Input  NAND 

IC  #16 

Ribbon  Interconnect 

To  Board  Number  3 

IC  #17 

AM9513 

System  Timing  Chip 

IC  #18 

SN74LS08N 

2-Input  AND 

IC  #19 

SN54L192J 

4-Bit  Counter 

IC  #20 

SN74LS244 

Octal  Bus  Driver 

IC  #21 

SN74LS244 

Octal  Bus  Driver 

IC  #22 

SN74LS32N 

2-Input  OR 

IC  #23 

SN54L192J 

4-Bit  Counter 

IC  #24 

SN74LS244 

Octal  Bus  Driver 

IC  #25 

SN74LS244 

Octal  Bus  Driver 

IC  #26 

SN74LS32N 

2-Input  OR 

IC  #27 

AM9517 

DIRECT  MEMORY  ACCESS 

IC  #28 

SN5406 

Hex  Inverter  (O.C.) 

IC  #29 

SN74LS1 1 2AN 

JK  Flip  Flop 

IC  #30 

SN74LS14 

Hex  Inverter 

IC  #31 

SN74LS08N 

2-Input  AND 

IC  #32 

SN74LS373N 

8-Bit  Latch 

IC  #33 

SN74LS 1 1 2AN 

JK  Flip  Flop 

IC  #34 

SN74LS32N 

2-Input  OR 

IC  #35 

AM8226 

Bus  Inverting 

IC  #36 

SN74LS245N 

Bus  Bi-Directional 

IC  #37 

SN74LS1 12AN 

JK  Flip  Flop 

IC  #38 

DM74154N 

4  to  16  Decoder 

IC  #39 

SN74LS245N 

Bus  Bi-Directional 

IC  #40 

SN74LS1 25 

Quad  Bus  Driver 

(• 


IC 

#41 

SN74LS125 

IC 

#42 

SN74116N 

IC 

#43 

SN74116N 

IC 

#44 

SN74LS244 

IC 

#45 

DAC  1118 

IC 

#46 

Ribbon  Interconnect 

IC 

#47 

Ribbon  Interconnect 

IC 

#48 

SN74LS00N 

IC 

#49 

SN74LS1 12AN 

IC 

#50 

SN74LS 1 1 2 AN 

IC 

#51 

SN74LS 1 1 2AN 

IC 

#52 

SN74LS11J 

IC 

#53 

SN7402N 

IC 

#54 

SN74LS32N 

IC 

#55 

SN74LS08N 

IC 

#56 

SN74LS244 

IC 

#57 

SN74LS244 

IC 

#58 

Ribbon  Interconnect 

IC 

#59 

Ribbon  Interconnect 

IC 

#60 

Ribbon  Interconnect 

IC 

#61 

DAS  1128 

IC 

#62 

SN74LS75N 

IC 

#63 

SN74LS08N 

IC 

#64 

SN74LS00N 

IC 

#65 

SN7402N 

Quad  Bus  Driver 
8-Bit  Latch 
8-Bit  Latch 
Octal  Bus  Driver 
DIGITAL  to  ANALOG 

To  Board  Number  4 
To  Board  Number  3 

2- Input  NAND 
JK  Flip  Flop 
JK  Flip  Flop 

JK  Flip  Flop 

3- Input  AND 
2-Input  NOR 
2-Input  OR 
2-Input  AND 

Octal  Bus  Driver 
Octal  Bus  Driver 
To  Analog  Inputs 
To  Analog  Inputs 
To  Board  Number  2 

ANALOG  to  DIGITAL 
Latch 

2-Input  AND 
2-Input  NAND 
2-Input  NOR 


Horr r  rc-tl  r<K4<.i 

0,1  sff-«f. 
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TTTAL  TO  ANALOG  CONVERSION 


DISTINCTIVE  CHARACTERISTICS 

•  Four  independent  DMA  channels,  each  with  separate  reg¬ 
isters  for  Mode  Control,  Current  Address,  Base  Address, 
Current  Word  Count  and  Base  Word  Count. 

•  Transfer  modes:  Block,  Demand,  Single  Word,  Cascade 

•  Independent  autoinitialization  of  all  channels 

•  Memory  -lo-memory  transfers 

•  Memory  block  initialization 

•  Address  increment  or  decrement 

•  Master  system  disable 

•  Enable/disable  control  of  individual  DMA  requests 

•  Directly  expandable  to  any  number  of  channels 

•  End  of  Process  input  for  terminating  transfers 

•  Software  DMA  requests 

•  Independent  polarity  control  for  DREQ  and  SACK  signals 

•  Compressed  timing  option  speeds  transfers  -  up  to  2M 
words/second 

•  +5  volt  power  supply 

•  Advanced  N-channel  silicon  gate  MOS  technology 

•  40  pin  Hermetic  DIP  package 

•  ICC  » MIL  Si  D-683  reliability  assurance  testing 


GENERAL  DESCRIPTION 

The  Ani9G17A  Multimode  Direct  Memory  Access  (DMA)  Con¬ 
troller  is  a  peripheral  interface  circuit  for  microprocessor  sys¬ 
tems.  It  is  designed  to  improve  system  performance  by  allowing 
externa)  devices  to  directly  transfer  infoimation  to  or  from  the 
system  memory.  Memory-to  memory  transfer  capability  is  also 
provided.  The  Am9517A  offers  a  wide  variety  of  programmable 
control  featuies  to  enhance  data  throughput  and  system  opti¬ 
mization  and  to  allow  dynamic  reconfiguration  under  program 
control. 

The  Ani3G’7A  is  designed  to  be  used  in  conjunction  with  an  ex¬ 
ternal  8-bit  address  register  such  as  the  Am74LS373.  It  con¬ 
tains  four  independent  channels  and  may  be  expanded  to  any 
number  of  channels  by  cascading  additional  controller  chips. 

The  three  basic  transfer  modes  allow  programmability  of  the 
types  oi  DMA  service  by  the  ser.  Each  channel  can  be  indi¬ 
vidually  pioyrammed  to  Autoinitialize  to  its  original  condition 
following  an  End  of  Process  (EOP). 

Each  channel  has_a  full  64K  address  and  word  count  capability. 
An  externa,  EuP  signal  can  terminate  a  DMA  or  memory-to- 
memory  transfer.  This  is  uselul  for  block  search  or  compare 
operations  using  external  comparators  or  for  intelligent  peri¬ 
pherals  to  abort  erroneous  services. 
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ORDERING  INFORMATION 


Package 

Maximum  Clock  Frequency 

Typ« 

Ambient  Temperature 

3Vitz 

4MHz  | 

Hermetic  DIP/ 
Molded  DIP 
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CONNECTION  DIAGRAM 


«  Am9517A».F 


»{g- — - 


Top  Via* 

Pin  1  Is  marked  lor  orientation. 

Figure  1. 


INTERFACE  SIGNAL  DESCRIPTION 
VCC:  +  5  VoH  Supply 
VSS:  Ground 

CLK  (Clock,  Input) 

This  input  controls  the  internal  orations  of  the  Am9517A  and 
its  rale  of  dala  transfers.  The  input  may  be  driven  at  up  to  3MHz 
(or  the  standard  Am951 7A  and  up  to  4MHz  lor  the  Arn951 7A-4. 

CS  (Chip  Select,  Input) 

Chip  Select  is  an  active  low  input  used  to  select  the  Ani95 1 7A  as 
an  I/O  device  during  an  I/O  Read  or  I/O  Write  by  the  host  CPU. 
This  allows  CPU  communication  n  theUaia  bus  During  multi¬ 
ple  transfers  to  or  from  the  Am951 7A  by  the  host  CPU.  CS  may 
be  held  low  providing  lOR  or  IOW  is  toggled  following  each 
transfer. 

RESET  (Reset,  Input) 

Reset  is  an  asynchronous  active  high  input  which  clears  the 
Command,  Status,  Request  and  Temporary  registers.  II  also 
clears  the  first/last  flip/flop  and  s r.fe  the  Mask  register.  Following 
a  Reset  the  device  is  in  the  Idle  cycle. 

READY  (Ready,  Input) 

Ready  is  an  input  used  to  extend  the  memory  read  and  write 
pulses  from  the  Am951 7A  to  accommodate  slow  memories  or 
I/O  peripheral  devices. 

HACK  (Hold  Acknowledge,  Input) 

The  active  high  Hold  Acknowledge  from  the  CPU  indicates  that 
control  of  the  system  buses  has  been  relinquished. 

0REQ0-DREQ3  (DMA  Request,  Input) 

The  DMA  Request  lines  are  individual  asynchronous  channel 
request  inputs  used  by  peripheral  circuits  to  obtain  DMA  service. 
In  Fixed  Priority.  DREQQ  has  the  hig.iest  priority  and  DREQ3 
has  the  lowest  priority.  Polarity  of  OREO  is  programmable 
Reset  initializes  these  lines  to  active  high. 

OBO-DB7  (Data  But,  Input/Output) 

The  Dala  Bus  lines  are  bidirectional  three-state  signals  con¬ 
nected  to  the  system  data  bus  The  outputs  are  enabled  during 
Ihe  10  Read  by  the  host  CPU,  permitting  the  CPU  to  examine 


the  contents  ot  an  Address  register,  the  Status  register,  the 
Temporary  registei  or  a  Word  Count  regislei.  The  Data  Bus  is 
enabled  to  input  data  during  a  host  CPU  I/O  write,  allowing  the 
CPU  to  program  the  Am9517A  control  registers.  During  DMA 
cycles  Ihe  rnosl  signilicant  eight  bits  ol  the  address  are  output 
onto  the  data  bus  to  be  strobed  into  an  external  laich  by  ADSTB. 
In  memory  To  memory  operations  dala  Irom  the  source  memory 
location  comes  into  Ihe  Am951 7A  s  T emporary  register  on  the 
read-lrom-memory  halt  ot  the  operation.  On  the  wriie-lo-memory 
half  ot  the  operation,  the  data  bus  outputs  Ihe  Temporary  regis¬ 
ter  data  into  the  destination  memory  location 

IOR  C.'O  Read,  Input/Output) 

I/O  Read  is  a  bidireclional  active  low  three-slate  line.  In  the  Idle 
cycle,  it  is  an  input  control  signal  used  by  the  CPU  to  read  the 
control  tegislers.  In  the  Active  cycle,  it  is  an  output  control  signal 
used  by  the  Am951 7A  to  access  data  liom  a  peripheral  during  a 
DMA  Wiile  transfer. 

IOW  (I/O  Write,  Input/Output) 

I/O  Write  is  a  bidirectional  aclive  low  ihree-slale  line.  In  the  Idle 
cycle  if  is  an  input  control  signal  used  by  the  CPU  to  load  infon 
malion  into  the  Amsr;i7A  jn  ,hfi  Active  CyCie  u  jS  arTouiput 
control  signal  used  by  Ihe  Ain951  7A  to  load  data  to  the 
peripheral  doling  a  DMA  Read  transfer. 

Write  operations  by  the  CPU  to  the  Ain9517A  require  a  rising 
WR  edge  following  each  data  bytelransfer.  It  is  not  sufficient  to 
hold  Ihe  .uni  pin  low  and  toggle  CS. 

EOP  (End  of  Ptocess,  Input  Output) 

EOP  is  an  active  low  bidireclional  open  dram  signal  providing 
information  concerning  Ihe  completion  ol  DMA  service.  When  a 
Channel  s  Woid  Count  goes  to  zero,  the  Am95l  7A  pulses  EOP 
low  lo  provide  Ihe  peripheral  with  a  completion  signal  EOP  may 
also  be  pulled  low  by  the  peripheral  to  cause  premature  comple¬ 
tion.  The  reception  ol  EOP.  either  internal  or  external,  causes  the 
currently  active  channel  lo  terminale  the  service,  to  set  its  TC  bit 
in  the  Slalus  register  and  to  reset  its  request  bit  If  Autoinilial- 
ization  is  selected  for  Ihe  channel  Ihe  current  tegislers  will  be 
updated  liom  Ihe  base  (csaslcs  Ol'ie'  .ms*’  tne  channel  s  mask 
bil  will  be  sel  and  Ihe  legistei  conienis  w.li  remain  unaltered 
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During  memory  to-memory  tianjters,  ESP  wifi  on  uui^ut  wium 
the  TC  for  channel  1  occurs  EOP  always  applies  lo  the  channel 
with  an  active  OACK.  external  EOPS  am  disregarded  m 
DACK0-DACK3  are  all  inaclive. 

(Because  EOP  is  an  open-drain  signal,  an  external  pullup  resis- 
lor  is  required.  Values  of  3.3K  or  4  7K  aie  recommended;  the 
E OP  pin  can  not  sink  Ifie  current  passed  by  a  IK  pullup. 

A0-A3  (Address,  Input/Output) 

The  four  least  significant  address  lines  are  bidirectional  3  stale 
signals.  During  DMA  Idle  cycles  they  are  inputs  and  al'ow  the 
host  CPU  to  load  or  read  control  registers.  When  the  DMA  is 
active,  they  are  outputs  and  provide  the  lower  4  bits  ol  the  out¬ 
put  address. 

A4-A7  (Address,  On'mrt) 

The  four  most  significant  addtess  lines  are  thiee  state  outputs 
and  provide  four  bits  of  addiess.  These  lines  are  enabled  only 
during  DMA  service. 

HREQ  (Hold  Request,  Output) 

The  Hold  Request  lo  the  CPU  is  used  by  the  DMA  lo  lequesl 
conlrol  ol  the  system  bus.  Software  requests  or  unmasked 
DREQs  cause  the  Am951  7A  lo  issue  HREQ. 

DACK0-DACK3  (DMA  Acknowledge,  Output) 

The  DMA  Acknowledge  lines  indicate  that  a  channel  is  active  In 
many  systems  they  wilt  be  used  to  select  a  peripheral.  Only  one 
DACK  will  be  active  at  a  time  and  none  will  be  aclive  unless  the 
DMA  is  in  control  of  the  bus.  Thu  polarity  of  these  tines  is  pro¬ 
grammable.  Reset  initializes  them  to  active-low. 

AEN  (Address  Enable,  Outp'  ‘) 

Address  Enable  is  an  active  high  signal  used  lo  disable  the 
system  bus  during  DMA  cycles  to  enable  the  oulpul  of  the  exter¬ 
nal  lalch  which  holds  ihe  upper  byte  ol  the  address  Note  that 
during  DMA  transfers  HACK  and  AEN  should  be  used  lo  de¬ 
select  all  other  I/O  peripherals  which  may  erroneously  be  acces¬ 
sed  as  programmed  I/O  during  ihe  DMA  operation  The 
Am9517A  aulomalicaily  deselects  itself  by  disabling  Ihe  CS 
.nput  during  DMA  transleis. 

ADSTB  (Address  Strobe,  Output) 

The  active  high  Address  Strobe  is  used  lo  strobe  life  upper 
address  byte  from  00G-DB7  into  an  external  lalch. 

ME  M  R  (Memory  Dead,  Output) 

The  Memory  Read  signal  is  an  active  low  three  state  output 
used  to  access  data  from  the  selected  memory  lucalion  during  a 
rnemory-to-penpheral  or  a  rnemory-to-memory  transfer. 


Name 

Size 

Plumber 

Base  Address  Registers 

16  bits 

4 

Base  Word  Count  Registers 

16  bits 

4 

Current  Address  Registers 

16  bits 

4 

Current  Word  Count  Registers 

16  bits 

4 

Temporary  Address  Register 

16  bits 

1 

Temporary  Word  Count  Register 

16  bits 

Status  Register 

8  bits 

Command  Register 

8  bits 

Temporary  Register 

8  bits 

1 

Mode  Registers 

6  bits 

4 

Mask  Register 

4  bits 

Request  Register 

4  bits 

1 

Figure  2.  Am9517A  Internal  Registers. 


M l. i ,1  vV  (r.ie,,iory  Write,  Output) 

the  Memoiy  Write  signal  is  an  aniwe  low  Ihn-e  stale  output 
used  lo  write  data  to  the  selected  memory  location  during  a 
peripheral  to  memory  or  a  niemory  lo-memory  transfer. 

FUNCTIONAL  DESCRIPTION 

The  Am95l  7A  block  diagram  includes  the  maior  logic  blocks  and 
alt  of  the  internal  registeis  The  data  rntei connection  paths  ate 
also  shown  Not  shown  aie  Ihe  various  coniiol  signals  between 
Ihe  blocks.  The  Am95l?A  contains  344  bits  nf  internal  memory 
in  Ihe  lortn  ol  registers.  Figure  2  lists  these  registers  bv  name 
and  shows  the  size  of  each  A  detailed  description  ol  the  regis¬ 
ters  and  ttieii  functions  can  be  lound  undei  Heyistei  Descnpiion. 

The  Am9517A  contains  three  basic  blocks  of  control  logic  The 
Timing  Cnntinl  Nnrk  generates  infernal  liming  and  external 
control  signals  loi  Ihe  Am951 7 A  The  Piugrarn  Command  Con 
trot  block  decodes  Ihe  various  commands  given  lo  Ihe  AmH5t  7A 
by  Ihe  microprocessor  prior  lo  servicing  a  DMA  Request  It  also 
decodes  each  channel  s  Mode  Control  word  The  Puonty  En¬ 
coder  block  resolves  pnonly  contention  among  DMA  channels 
lequeSHhg  "service  simultaneously 

The  Timing  Control  block  derives  internal  inning  trom  the  clock 
inpul.  In  AmOOSOA  systems  this  inpul  will  usually  be  the  2.2  TTL 
clock  from  an  Am8224.  However,  any  appropriate  system  clock 
will  suffice. 

DMA  Operation 

The  Am951 7A  is  designed  to  operate  in  two  ma|or  cycles  Thes" 
are  called  Idle  and  Active  cycles  Each  device  cycle  is  made  up 
ol  a  number  ol  stales  The  Ain96l  /A  can  assume  seven  sepa¬ 
rate  stales,  each  composed  ol  one  lull  clock  period  Slate  1  (SI ) 
is  Ihe  inaclive  slate  II  is  entered  when  ihe  Am95t7A  has  no 
valid  DMA  requests  pending.  While  in  SI .  Ihe  DMA  controller  is 
inactive  but  may  be  in  Ihe  Program  Condition,  being  program¬ 
med  by  Ihe  processor.  Stale  0  (SO)  is  Ihe  lirst  state  ol  a  DMA 
service.  The  Am95l7A  has  requested  a  hold  but  Ihe  processor 
has  not  yel  le'uuioj  an  acknowledge  An  acknowledge  Irom  the 
CPU  will  signal  Ural  transfers  may  begin  SI.  S2.  S3  and  S4  are 
the  working  states  ot  the  DMA  service  II  mom  time  is  needed  to 
complete  a  liansfer  than  is  available  with  normal  liming  wait 
states  (SW)  can  be  mseiled  before  S4  by  the  use  ol  Ihe  Ready 
line  on  the  Ai.i95l  7A. 

Memory-to  memory  transleis  require  a  read-from  and  a 
write-to-memury  lo  complete  each  transfer.  The  slates,  which 
resemble  the  normal  working  stales,  use  two  digit  numbers  lor 
ideniilicalion  Inght  stales  are  required  lor  each  complete 
tiansfer.  The  lircl  tour  stales  (Sit.  S12.  S13.  St 4)  are  used  tor 
Ihe  read-troirwneinory  half  and  Ihe  last  lour  stales  (S21 .  S22, 
S23  and  S24)  for  Ihe  write-to-incmory  hall  ol  Ihe  transfer.  The 
Temporary  Dala  register  is  used  lor  mlermediate  storage  ol  Ihe 
memory  byte. 

IDLE  Cycle 

When  no  channel  is  requesting  service.  Ihe  Atn95l7A  will  enter 
the  Idle  cycle  and  perform  'SC  slates  In  this  cycle  the 
Am95l  7A  will  sample  Ihe  DREO  lines  every  clock  cycle  lo  de¬ 
termine  it  any  channel  is  requesting  a  DMA  service.  The  device 
will  also  sample  CS.  looking  lor  an  alfempt  by  the  microproces¬ 
sor  to  write  or  read  Ihe  internal  registers  of  the  Am951  7A  When 
CS  is  low  and  HACK  is  low  Ihe  Am9917A  enters  Ihe  Program 
Condition.  The  CPU  can  now  establish,  change  or  inspect  Ihe 
internal  definition  ol  the  part  by  reading  Irom  or  writing  to  the 
internal  registers  Address  lines  A0-A3  are  inputs  to  the  device 
and  select  which  legislers  will  be  read  or  written  The  IOR  and 
IOW  lines  are  used  lo  select  and  lime  reads  or  wntes  Due  lo  Ihe 


number  and  size  ol  the  internal  registers,  an  internal  (lip  lion  is 
used  to  generate  an  additional  bit  ol  address  This  bit  is  used  to 
determine  the  upper  or  lower  byte  ol  the  16-bit  Address  and 
Word  Count  registers.  The  (lip,  Hop  is  reset  bv  Mastm  Q i o jir_  or 
Reset.  A  separate  soltwaie  command  can  also  reset  this  Itipr 
flop. 

Specal  software  commands  can  be  executed  by  the  Ani95t7A 
in  the  Program  Condition.  These  cornmands  are  decoded  as 
sets  ol  addresses  when  both  CS  and  IOW  are  active  and  do  not 
make  use  of  the  data  bus.  Functions  include  Clear  Firsl'Las! 
Ftip/Fiop  and  Master  Clear 


signals  ol  its  own.  These  would  conflict  with  the  outputs  ol  the 
aclive  channel  in  the  added  device  The  Am95l  I A  will  respond 
to  DREQ  with  DACK  but  all  other  outputs  except  HREQ  will  be 
disabled. 

Fiyure  3  shows  two  additional  devices  cascaded  into  an  initial 
device  using  two  ol  the  previous  channels  This  lorms  a  two 
level  DMA  system.  Moie  Am95l  7As  could  be  added  at  the  sec¬ 
ond  level  by  using  the  remaining  channels  ol  the  first  level 
Additional  devices  can  also  be  added  by  cascading  into  the 
channels  ot  the  second  level  devices  lorming  a  thud  level 


ACTIVE  CYCLE 

When  (he  Am951 7A  is  in  the  Idle  cycle  and  a  channel  requests  a 
DMA  service,  the  device  will  output  a  HREQ  to  the  miciopro- 
cessor  arid  enter  the  Active  cycle.  It  is  in  this  cycle  that  the  DMA 
service  will  take  place,  in  one  ol  lour  modes: 

Single  Transfer  Mode:  In  Single  Transfer  mode,  the  Am9517A 
will  make  a  cne  byte  Iransler  during  each  HREQ/HACK  hand-, 
shake.  When  DREQ  goes  active,  HREQ  will  go  aclive.  Alter  the 
CPU  responds  by  driving  HACK  active,  a  one-byte  hamster  will 
lake  glace  Following  the  transfer,  HREQ  will  go  inactive,  the 
word  count  will  be  decremented  and  the  address  will  be  either 
incremented  or  decremented.  Wlten  thqword  count  goes  to  zero. 
a  Terminal  Count  (TQ  will  cause  an  Autoirulialize  II  lite  channel . 
has  been  programmed  lo  do  so. 

To  perform  a  single  transfer,  DREQ  must  be  held  aclive  only 
until  the  corresponding  DACK  goes  active  If  DREQ  is  held  con¬ 
tinuously  active.  HREQ  will  go  inactive  following  each  lien-  ' 
and  then  wilt  go  active  again  and  a  new  one-byie  transter  wilt  be 
made  lolicwmg  each  rising  edge  ol  HACK.  In  8080A/9080A 
systems  this  will  ensure  one  full  machine  cycle  of  execution, 
between  DMA  transfers.  Details  ot  timing  between  the  Am951 7A 
and  other  bus  control  protocols  will  depend  upon  the  charac¬ 
teristics  ol  the  microprocessor  involved. 

Block  Transfer  Mode:  In  Block  Transfer  mode,  the  Am95t  7A 
wilt  continue  making  translers  until  a  TC  (caused  by  the_woid 
count  going  to  zero)  or  an  external  End  ot  Process  (EOP)  is 
encountered  DREQ  need  be  held  aclive  only  until  DACK  be¬ 
comes  active.  An  autoinitialize  will  occur  at  the  end  ol  Ihe  ser¬ 
vice  it  time  channel  has  been  programmed  lor  it. 

Demand  Transfer  Mode:  In  Demand  Transfer  mode  the  de- 
vice  wilt  continue  making  transfers  until  a  TC  01  external  EOP  is 
encountered  or  until  DREQ  goes  inactive  Thus,  the  device  re¬ 
questing  service  may  discontinue  transfers  by  bringing  DREQ 
inactive.  Service  may  be  resumed  by  asserting  an  active  DREQ 
once  again.  During  the  lime  between  services  when  ttie  rnicio- 
processor  is  allowed  to  operate,  Ihe  intermediate  values  ol  ad¬ 
dress  and  word  count  may  be  read  Irom  the  Am951 7A  Current 
Address  and  Current  Word  Count  registers  Auloinilialization  will 
only  occur  lollowing  a  TC  or  EOP  at  the  end  ol  service.  Follow¬ 
ing  Auloinilialization.  an  active  going  DREQ  edge  is  required  to  Sr 
initiate  a  new  DMA  service.  '  V 

Cascade  Mode:  This  mode  is  used  to  cascade  more  than  one 
Am95t  7A  togethei  lor  simple  system  expansion.  The  HREQ  and 
HACK  signals  fiom  tire  addilional  Am9517A  are  connected  lo 
Ihe  DREQ  and  DACK  signals  ol  a  channel  ol  the  initial 
Am951 7A  This  allows  the  DMA  requests  ol  the  additional  device 
to  propagate  through  the  priority  network  circuitry  u(  the  pre¬ 
ceding  device  The  priority  chain  is  preserved  and  Ihe  new  de¬ 
vice  must  wait  lor  its  turn  to  acknowledge  requests  Since  the 
cascade  channel  in  the  initial  device  is  used  only  lor  prioritizing 
the  additional  device,  it  does  not  ou'put  any  address  or  control 
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Figure  3.  Cascaded  Am9517As. 

TRANSFER  TYPES 

Each  ol  the  three  aclive  transter  modes  can  perlorm  three  dif- 
feient  types  ol  translers  These  are  Read.  Write  and  Verify 
Write  transfers  move  data  Irom  an  10  device  lo  Ihe  memory  by  I 
activating  iOH  and  MEMW.  Road  transfers  movejfala  Irom] 
memoiy  lo  an  HO  device  by  activating  MEMR  and  iOW  Verity  I 
translers  are  pseudo  tians'ers.  the  Am9M7A  operates  as  in 
Read  or  Write  translers  generating  addresses,  responding  to 
EOP,  etc.,  however  Hie  memory  and  I  O  contiol  lines  remain 
inactive. 

Memory-to-Memory:  The  AmQSirA  includes  a  block  move 
capability  that  allows  blocks  ol  data  lo  be  moved  from  one  mem¬ 
ory  addiess  spam  io  another  When  Bn  CO  in  the  Command 
register  is  set  to  a  logical  1.  channels  0  and  1  will  operate  as 
memory -to- memory  transfer  channels  QjaooeJ  0  forms  the 
source  address  and  channel _1  torms  Ihe  destination  address 
The  channel  1  word  muni  is  used  A  memory-to-memory  trans¬ 
fer  is  initiated  by  setting  a  soltwaie  DMA  request  lor  channel  0 
Block  Transter  Mode  should  be  used  for  niemory-tu  memory. 
When  channel  0  is  programmed  lor  a  fixed  spume  addiess  a 
single  source  word  may  be  written  imo  a  block  ot  memory 

When  setting  up  Hie  Airi9517A  lot  memory-to-memory  operg- 
lion,  it  is  suggested  that  botli  channels  0  and  1  be  masked  out 
Fudher,  the  channel  0  woid~cciu?ii  should  be  initialized  lo  the 
same  value  used  in  channel  1  No  DACK  outputs  will  be  active 
during  inemory-lo-mernnty  tiansleis 

The  Am9517A  will  respond  lo  external  EOP  signals  during 
memory  to-memory  transfers  Data  tomparalois  in  block  seaich 
schemes  may  use  this  input  to  terminate  Hie  service  when  a 
malrh  is  found  The  liming  i  I  memory  to  memory  translers  may 
be  found  iri  Tiiiiina  Oiiuuim  ■: 
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Aulolnllailzti.  By  p.ogiaiiiining  a  bit  in  the  Mod"  regi  -iet  a 
channel  may  be  set  up  (or  an  Autoinitialize  np.?i..i.on  During 
Autoinitialization.  the  original  values  "I  me  Cunoii!  Address  and 
Current  Word  Count  registers  are  automatically  restored  from 
the  Base  Address  and  Base  Word  Count  registers  ol  that  chan¬ 
nel  following  EOP  The  base  registers  are  loaded  simultane¬ 
ously  with  the  cunenl  registers  by  Ihe  microprocessor  and  re¬ 
main  unchanged  throughout  the  DMA  service  XJUii_Xltasi\_J;rL  IS 
not  set  by  EOP  .when  the  channel  is  in  Auloimiialize  Fuliowinn 
Autoinitialize  Ihe  channel  is  ready  to  repeat  its  seivice  without 
CPU  intervention 

Priority:  The  Arn95l7A  has  two  types  of  priority  encoding 
available  as  sofiwate  selectable  options.  I  lie  first  is  Fixed  Prior¬ 
ity  which  fixes  Ihe  channels  in  priority  older  based  upon  Hie 
descending  value  ol  theii  number.  The  channel  with  Ihe  lowest 
priority  is  3  followed  by  2.  1  and  Ihe  highest  puonty  channel.  0. 

The  second  scheme  is  Rotating  Priority  The  last  channel  to  get 
service  becomes  the  lowest  priority  channel  with  the  others 
rotating  accordingly  With  Rotating  Priority  in  a  single  chip  DMA 
system,  any  device  requesting  service  is  guaranteed  to  be  rec¬ 
ognized  after  no  more  than  ttuee  higher  priority  services  have 
occurred.  This  prevents  any  one  channel  from  monopolizing  Ihe 
system. 

1st  Servicx  2nd  Service  3rd  Set  nee 

highest  0  *  2 

1  -*• — seivice-^  3 

2 

lowest  3  1 

The  priority  encoder  selects  the  highest  priority  channel  re¬ 
questing  service  on  each  active-going  HACK  edge.  Once  a 
channel  is  started,  its  operation  will  not  be  suspended  il  a  re¬ 
quest  is  received  by  a  higher  puonty  channel.  The  high  priority 
channel  will  only  gain  coniiol  alter  Ihe  lower  pi.o.iiy  channel 
releases  HREQ.  When  control  is  passed  front  one  channel  lo 
another,  the  CPU  will  always  gain  bus  control  Tills  ensuies 
generation  ot  rising  HACK  edge  lo  be  used  io  initiate  selection  of 
ihe  new  lughest-priorit]  requesting  channel. 

Compressed  Timing:  In  order  to  achieve  even  gieater 
throughput  where  syslem  characteristics  permit,  the  Ain9SI7A 
can  compress  the  transfer  tu  ne  to  two  clock  cycles  From  r iming 
Diagram  3  it  can  be  seen  that  slate  S3  is  used  lo  extend  the 
access  time  61  the  lead  pulse  By  removing  stale  S3  the  mad 
pulse  width  is  made  equal  lo  the  wnle  pulse  widlti  and  a  transfer 
consists  only  ot  stale  32  lo  change  the  address  and  state  S4  to 
pertorrn  Hie  read/wnte  St  stales  will  still  occur  when  A8-A15 
need  updating  (see  Address  Generation).  Timing  lui  compres¬ 
sed  trauslers  is  found  in  Timing  Diagram  6. 

Address  Generation:  In  order  to  reduce  pin  count.- the 
Ani951 7A  multiplexes  ihe  eight  higher  order  address  bits  on  the 
data  linos.  Stato  St  is  used  lo  output  the  higher  order  address 


bit  -  Ic  an  extern.. I  i  itch  Horn  which  they  may  be  placed  on  the  ■ 
addiess  bus  The  I, iii.no  edge  ol  Arldn.-ss  Sti.-h"  lADMB)  is  I 
used  lo  load  lb"-,*-  b*ls  Irani  the  d.ila  line-,  In  In*-  latch  A  :  ;.<>xs  I 
Enable  (AEN)  is  used  lo  enable  Ihe  bits  onto  ihe  aodiess  bus 
through  a  3-slate  enable  The  lower  order  address  bits  are  out¬ 
put  by  the  Arnugt  7A  directly.  Lines  AU-A7  should  be  connected 
to  the  addiess  bus  liming  Diagiam  3  shows  Ihe  time  relation¬ 
ships  between  CLK.  AEN.  AUbIB.  DBU  DB7  and  A0-A7 

During  Block  and  Demand  fi-msfer  mode  services  which  in¬ 
clude  multiple  tiansleis.  Ihe  addresses  generated  will  be  se¬ 
quential.  For  many  liansfers  Ihe  data  held  m  Ihe  external  ad¬ 
dress  latch  will  remain  the  same  This  data  need  only  change 
when  a  cany  01  b-triuw  from  A7  lo  AO  lakes  place  in  the  normal 
sequence  ol  addresses  To  save  time  and  si- -f  <1  tianst.-is,  the 
Am95l7A  executes  SI  states  only  when  updating  ot  AO  At 5  111 
the  latch  is  necessary  This  means  for  long  serve  "S,  b»  stales 
may  occur  only  once  every  206  transfers,  a  savings  of  200  clod 
cycles  lor  eacli  256  transleis 

REGISTER  Z-  ".CRiPTION 

Current  Address  Register:  Each  eh.innel  has  a  I G-tnt  Cuirent 
Addiess  register  tins  register  holds  me  value  ol  the  address 
used  during  DMA  transfers  I  ho  address  is  automatically  in- 
ciemenled  or  de<  aenientod  afler  eacli  transfer  and  the  niter 
mediate  values  of  Ine  address  me  stored  in  Ihe  Current  Address 
register  during  Ihe  liansler.  This  register  is  written  01  lea  J  hy  the 
micropiocessoi  in  successive  B  -  fait  bytes  It  may  also  be 
reinitialized  by  an  Autoinitialize  bat  k  to  its  original  value  Au 
toimtializatiori  takes  place  only  alter  ari  LuP. 

Current  Word  Count  Register:  Each  channel  has  a  IR-bM  Cur 
rer.l  Wcii J  Couat  leyi  .ter  Inis  register  should  be  programmed  I 

with,  and  will  .elu'a  on  a  CPU  lead,  g  value  one  loss  than  the  j 

nuatuei  of  wo-dc-  lo  oe  transloned  Ihe  word  count  is  flee-  I 
iement®d  altoi  e  1  ;n  transfer!  The  inieimediale  value  ol  the  woid 
couTTls'stoieu  i.i  li.e  register  during  the  transfer  When  Ihe 
vaiue  in  ihe  rey.’.'i  goes  lo  zeio.  a  TC  will  bo  generated  This 
register  is  loaded  ui  mad  in  successive  8-bit  bytes  by  the  micro- 
piucessor  in  Hie  Pmgiarn  Condition  Following  the  end  of  a  DMA 
service  it  may  aisu  bo  reinitialized  hy  an  Autoinitialize  back  10  its 
original  value.  Autoinitialize  can  occur  only  when  an  LOP  oc¬ 
curs.  Note  thai  the  contents  ol  the  Word  Countjogisler  will  be 
FFFF  (hex)  following  on  internally  generated  EUP. 

Base  Address  and  Base  Word  Count  Registers:  Each  chan¬ 
nel  has  a  pan  ol  Base  Address  and  Base  Word  Count  registers 
These  16-bit  mgi-.lrjis  stgrp__Hie_onyin.il  values  ol  their  as¬ 
sociated  current  1  oyiglers  During  Auloimiiaiize  iliese  values  are 
used  10  iesiore  the  current  registers  to  then  original  values  I  he 
base  registers  am  v.-iilten  simultaneously  with  llieir  correspond 
ing  current  register  in  8-bit  bytes  during  DMA  programming  by 
the  microprocessor  Accordingly,  writing  lo  ttiese  registers  when 
intermediate  values  are  in  Ihe  Current  loggers  will  overwrite  Ihe 
intermediate  values.  The  Base  registers  cannot  be  read  uy  Hie 
microprocessor 


Am9517A 


in  te  .  .  *0  requests  for 
'softwa/  .  well  as  by  a 
associated  with  it  in  the 
ftmaskable  and  subject  to 
rework.  Each  register  bit  is 
control  or  is  cleared  upon 
<»  The  entire  register  is 
‘>it.  the  software  loads  the 
jre  4  for  address  coding. 


'*  00  Select  channel  0 
%  01  Select  channel  1 

10  Select  channel  2 

1 1  Select  channel  3 

0  Reset  request  bit 
1  Set  request  bit 


if  the  channel  is  in  Block 
-memory  transfer,  the 
.  be  set. 

(ociated  with  it  a  mask  bit 
‘  *g  DREQ.  Each  mask  bit 
‘"roduces  an  EOP  if  the 
ilize.  Each  bit  of  the  4-bit 
-?ared  separately  under 
'  tlso  set  by  a  Reset.  This 
rfask  register  instruction 

S  se  •  set  or  clear 
use  ta.i  the  Request 
* '  dressing. 


_  Select  channel  0  mask  bit 
j&Select  channel  t  mask  bit 
[5 Select  channel  2  mask  bit 
Select  channel  3  mask  bit 

'  .beer  mask  bit 
.’  •Set  mask  bit 


9  also  be  written  with 


Status  Register:  The  Status  registers  may  be  read  out  of  the 
Am95l7A  by  the  microprocessor.  It  indicates  which  channels 
have  reached  a  terminal  count  and  which  channels  have  pend¬ 
ing  DMA  requests.  Bits  0-3  are  set  each  time  a  TC  is  reached  by 
that  channel,  including  after  each  AutoiniiialuMlion  These  bits 
are  cleared  by  Reset  and  each  Status  Read  Bits  4-7  are  set 
whenever  their  corresponding  channel  is  requesting  service. 


1  Channel  0  lias  reached  TC 
1  Channel  1  has  reached  1 C 
1  Channel  2  lias  reached  1 C 
1  Channel  3  has  reached  TC 


1  Channel  0  i equcst 

1  Channel  1  request 

1  Channel  2  request 

1  Channel  3  request 
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Tempo-ary  Register:  The  Temporary  register  is  used  to  hold 
data  dunny  memory-to-memory  transfers  Following  the  com¬ 
pletion  o!  it  io  transfers,  the  last  word  moved  can  be  read  by  the 
microprocessor  in  the  Program  Condition  The  Temporary  reg¬ 
ister  always  contains  the  last  byte  transferred  m  the  previous 
memory  lo  memory  operation,  unless  cleared  by  a  Reset 

Software  Commands:  There  are  two  special  software  com¬ 
mands  which  can  be  executed  in  the  Program  Condition  They 
do  nol  depend  on  any  specific  bit  pattern  on  the  data  bus  T hie 
two  software  commands  are 

Clear  First/last  Hip,  Hop  This  command  may  be  issued  prior 
to  writing  or  rending  Am%l  7A  address  or  word  count  infor¬ 
mation.  This  initialises  Ihe  fiip  flop  In  a  known  state  so  that 
subsequent  accesses  to  register  contents  by  the  micro¬ 
processor  will  address  lower  and  upper  bytes  m  the  correct 
sequence. 

Master  Clear:  This  software  instruction  has  the  same  effect 
as  the  hardware  Reset  The  Command  Status.  Request. 
Temporary  and  Internal  Fust, Last  Flip  Flop  registers  are 
cleared  and  the  Mask  register  is  set.  The  Am951  /A  will  enter 
the  Idle  cycle. 

Figure  4  lists  tha  address  codes  for  Ihe  software  commands. 


Operation 

Read  Status  Register 
Write  Command  Register 
Illegal 

Write  Request  Register 
illegal 

Wnte  .Si.-y'e  Mask  Register  Bit 
illegal 

Writ©  Mm  In  Register 
Illegal 

Clear  tr#te  Pointer  Flip/ Flop 

Read  Temporary  Register 

Master  Uear 

Illegal 

Illegal 

Illegal 

Wnte  Ail  Mask  Register  Bits 


at r  Channel  0  mask  bit 
jt  Channel  0  mask  bit 

ear  Channel  1  mask  bit 
.1  Channel  1  mask  bit 


"Ur  Channel  2  mask  bit 
•i  Channel  2  mask  bit 


Figure  4.  Register  and  Function  Addressing. 


far  Channel  3  mask  bit 
•1  Chan  1  mask  bit 
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Figure  5.  Word  Counf  and  Address  Register  Command  Codes. 
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Am95 1  7 ADC/PC 


Am951 7A-1DC/PC 
Am951 7A-4DC/PC 


Am9fj1  7  ADM 
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VOL 
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NOTES: 
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Typ'cal  values  < 
and  nominal  prrtl 
Inpul  timing  pan  -J 
less  Waveform  ■ 
pul  signals  are  ' 
otherwise  noted  1 
Output  loading  '.J 
lance  unless  no^ 

I  he  new  IOW  oi 


TCY^OOnsandCI 
nel  IOR  or  ME'.*. 


2TCY-50ns  and  - 


5  T  DQ  is  specified'"  j 
is  measured  at 
for  T0Q2  assum.i 
necled  from  HRVJ 

6  DREO  should  tv 

7  DREQ  and  OACri 
Timing  diao,*m\*j 


'Tun  >  w.>  if  •miff'1 


'-1 


-  V 


Data  Bui 
— DB7 

J.0-A7 
'  A8-A15 

A0-A7 

A8-A15 

W0-W7 

W8-W15 

W0W7 

W8-W15 

AO  A7 
ASA  15 

AO  A7 
A8-A15 

WO-W7 

W8-W15 

WO-W7 

W8-W15 

AO  A7 
A8-A15 

AO-A7 

A8-A15 

W0-W7 

W8-W15 

WO-W7 

'8-W15 

• - 

AO  A  7 

A8-A15 

AOA7 

A8-A15 

WO-W7 
W8W15 

WOW  7 
•  W8-W15 


MAXIMUM  RATINGS  above  which  useful  life  may  he  impaired 
Storage  Temperatute 
Ambient  Temperature  UmJer  Bias 
|  VCC  with  Respect  to  VSS 
I  AH  Signal  Voltages  with  Respect  to  VSS 
J  power  Dissipation  (Package  Limitation) 


AlU'Jji 


-55  C  to 1 2 3  4 5 * 7 1 25  C 

“0.57*10  *76v~ 

— 0  5V  to  4  7.0V  ! 

“T.bvr. 


I  The  products  described  by  this  specification  include  internal  circuitry  designed  tu  piotect  input  devices  from  damaging  accumulations  of 
(static  charge.  It  is  suggested,  nevertheless,  that  conventional  precautions  be  obseivcd  during  storage,  handling  and  us**  nr  order  to  avoid 
exposure  to  excessive  voltages. 


(OPERATING  RANGE 


Part  Number 

Ta 

VCC 

Am95l7ADC/PC 

0"C  to  *  70"C 

5  0V  -5'7 

Am9517A-lDGPC 

0  C  to  +70  C 

5  0V  -5-d 

Am95 1 7A-4DC/PC 

OX  to  '  70“C 

5.0V  iS'.r 

Am9517ADM 

-55X  to  +  I25’C 

5  0V  1 10'* 

•ELECTRICAL  CHARACTERISTICS  over  operating  range  (Note  1) 


Test  Conditions 


Description 

Output  HIGH  Voltage 

Output  LOW  Voltage 
Input  HIGH  Voltage 
Input  LOW  Voltage 

Inf  at  Load  Current _ 

Output  Leakage  Current 

VCC  Supply  Current 

Ou tput  Capacitance _ 

Input  Capacrtance  _ 

I/O  Capacitance 


1.  Typical  values  are  lor  TA  =  25"C.  nominal  supply  voltage 
and  nominal  processing  parameters 

2.  Input  timing  parameters  assume  transition  times  oi  20ns  or 
less.  Waveform  measurement  points  lor  botli  input  and  out¬ 
put  signals  are  2.0V  lor  High  and  0.8V  tor  Low,  unless 
otherwise  noted 

3.  Output  Idading  is  t  Standacd  TTL  gate  plus  50pF  capaci¬ 
tance  unless  noted  otherwise 

4.  The  ne&  IOW  or  MEMW  pulse  width  tor  normal  write  will  be 
TCY-IOOns  and  lur  extended  write  will  be  2TCY-  loons.  The 
net  IOR  or  MEMR  pulse  width  tor  normal  read  will  be 
2TCY-50ns  and  tor  compressed  read  will  be  1CY-50ns 

5.  TDQ  is  specified  lor  two  different  output  HIGH  levels  TDQt 
is  measured  at  2  OV.  TDQ2  is  measured  at  3  3V  P  n  value 
tor  T0Q2  assumes  an  external  3.3KI1  pull  up  resistor  con¬ 
nected  trom  HREQ  to  VCC. 

6  PREQ  should  be  held  active  until  OACK  is  returned. 

7.  OREQ  and  OACK  signals  may  be  active  high  or  active  low 
Timing  diagrams  assume  the  active  high  mode. 
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-  8.  Output  loading  on  Ihe  data  bus  is  1  Standard  TTL  gate  plus 
15pF  tor  IPs  minimum  value  and  1  Standard  TTL  gale  plus 
lOOpF  lor  Ihe  maximum  value 

9,  Successive  read  and  or  wriie  operations  bv  'he  external 
processor  to  piogiam  or  examine  the  controller  must  be 
limed  Id  allow  al  least  600ns  lor  Ihe  Am951.’A  or 
Am95\7A-1  and  at  least  450ns  tor  the  Am95l7A-4  as  le- 
coveiy  time  between  active  read  or  whip  pulses 

10.  Parameters  ate  lisled  in  alphabetical  order 

11.  Pin  Sis  an  input  llial  should  always  be  al  a  logic  high  level 

An  internal  pull-up  resislor  will  establish  a  logic  high  when 
Ihe  pin  is  left  floating  Alternatively,  pm  5  may  be  lied  to 
VCC. _ _  _  _ 

12.  Signals  HEAD  and  WHIIE  refer  to  iOR  and  MEMW  respec¬ 
tively  tor  peripheral  lo-memory  DMA  operations  and  to 
MEMR  and  iOW  respectively  lor  memory-to-penpheial 
DMA  operations 

13.  It  N  wait  slates  ate  added  during  the  wnte-to-memory  half  ol 
a  memory-lo-memory  transler.  this  parameter  will  increase 
by  N  (TOY) 
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Am9S17A  „ 

SWITCHING  CHARACTERISTICS 

ACTIVE  CYCLE  (Notes  2.  3.  10,  11  and  12) 


Am9517A 


Am9517A-1 


Am9517A-4 


Parameter 

Description 

Min 

Max 

Min 

Max 

Min 

Maa 

Unit 

i  TAEL 

AEN  HIGH  from  CLK  LOW  (SI)  Delay  Time 

300 

300 

225 

ns 

i  TAET 

AEN  LOW  from  CLK  HIGH  (SI)  Delay  Time 

200 

200 

150 

ns 

i  TAFAB 

ADR  Active  to  Float  Delay  from  CLK  HIGH 

ISO 

150 

120 

ns 

|  TAFC 

READ  or  WRITE  Float  from  CLK  HIGH 

150 

150 

120 

ns 

j  TAFOB 

DB  Active  to  Float  Delay  from  CIK  HIGH 

250 

250 

190 

ns 

I  TAHR 

ADR  from  READ  HIGH  Hold  Time 

TCY  100 

TCY  too 

TCY  100 

ns 

|  TAHS 

DB  from  ADSTB  LOW  Hold  Time 

50 

50 

40 

ns 

i  TAHW 

ADR  from  WRITE  HIGH  Hold  Time 

TCY  50 

iCY  50 

TCY  50 

ns 

DACK  Valid  from  CLK  LOW  Delay  Time 

280 

280 

220 

"»  _ 

TAK 

EOP  HIGH  from  CLK  HIGH  Delay  Tima 

250 

250 

190 

ns 

EOP  LOW  to  CLK  HIGH  Delay  Time 

250 

250 

190 

ns 

TASM 

ADR  Stable  from  CLK  HIGH 

250 

250 

190 

ns 

TASS 

DB  to  ADS  TB  LOW  Setup  Time 

100 

too 

100 

r- 

TCH 

Clock  High  lime  (Transitions  10ns) 

120 

120 

100 

ns 

TCL 

Clock  Low  Time  (Transitions  «  10ns) 

150 

150 

no  _ 

ns 

TCY 

CLK  Cycle  Time 

320 

320 

250 

ns 

TDCL 

CLK  HIGH  to  READ  or  WRITE  LOW  Delay 
(Note  4) 

270 

270 

200 

ns 

TDCTR 

■  READ  HIGH  from  CLK  HIGH  IS4) 

Delay  Time  (Note  4) 

270 

270 

210 

ns 

TDCTW 

WRITE  HIGH  from  CLK  HIGH  (S4) 

Delay  Time  (Note  4) 

200 

200 

150 

ns 

TDQ1 

HREQ  Valid  (torn  CLK  HIGH  Laiay  Time 

160 

160 

120 

ns 

TOQ2 

(Note  SI 

250 

250 

190 

ns 

TEPS 

EOP  LOW  from  CLK  LOW  Setup  Time 

60 

60 

45 

ns 

TEPW 

EOP  Pulse  Width 

300 

300 

225 

ns 

TFAAB 

ADR  Float  to  Active  Delay  from  CLK  HIGH 

250 

250 

190 

ns 

TFAC 

READ  or  WRITE  Active  from  CLK  HIGH 

200 

200 

150 

ns 

TFADB 

DB  Float  to  Active  Delay  from  CLK  HIGH 

300 

300 

225 

ns 

THS 

HACK  valid  to  CLK  HIGH  Setup  Time 

100 

100 

75 

ns 

TIDH 

Input  Data  from  MEMR  HIGH  Hold  Time 

0 

0 

0 

ns 

TIDS 

Input  Data  to  MEMR  HIGH  Setup  Time 

750 

250 

190 

ns 

TODH 

Output  Date  from  MEMW  HIGH  Hold  Time 

200 

2CK) 

20  O 

nt 

TODV 

Output  Data  Valid  to  MEMW  HIGH  (Note  13) 

200 

200 

125 

ns 

TQS 

DREQ  to  CLK  LOW  (SI,  S4)  Setup  T  a 

120 

120 

90 

ns 

TRH 

CLK  to  READY  LOW  Hold  Tima 

20 

20 

20 

ns 

TRS 

READY  to  CLK  LOW  Setup  Time 

100 

100 

60 

ns 

TSTL 

ADSTB  HIGH  from  CLK  HIGH  Delay  Tima 

200 

200 

150 

ns 

TSTT 

ADSTB  LOW  from  CLK  HIGH  Delay  Time 

140 

L _ 

140 

110 

n» 

4 

i 

SWITCHIN'i 
PROGRAM  Lj 
(Noies  2,  3.  i. 

Parameter 

TAR 
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4 

TDW 

TRA 

TRDE 

TDRF 

TRSTD 
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_ i 
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it 
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Am95l7A 

SWITCHING  CHARACTERISTICS  (Coni.) 
PROGRAM  CONDITION  (IDLE  CYCLE) 

(Notes  2,  3,  10,  11  and  12) 

Am9517A 

Am951 2A-1 

Am9517A-4 

Parameter  Description 

Min.  Max. 

Min.  Max. 

Min.  Max.  Unit 

ADR  Valid  or  CS  LOW  to  READ  LOW 
ADR  Valid  to  WRITE  HIGH  Setup  Time 


CS  LOW  to  WRITE  HIGH  Setup  Time 


Data  Valid  to  WRITE  HIGH  Setup  Time 


ADR  or  CS  Hold  from  READ  HIGH 


Data  Access  from  READ  LOW  (Note  8} 


DS  Float  Delay  from  READ  HIGH 

Power  Supply  HIGH  to  RESET  LOW 
Setup  Time 


RESET  to  First  IUWR 
RESET  Pulse  Width 


READ  Width 


ADR  horn  WRITE  HIGH  Hold  Time 
CS  HIGH  horn  WRITE  HIGH  Hold  Time 


Data  from  WRITE  HIGH  Hold  Time 


Write  Width 


Data  Access  from  ADR  Valid,  CS  LOW 


50 

M  j 

200 

1S>0  i 

200  j 

150 

i 

200 

150 

r  '  ■ 

0 

0  i 

200 

200 

o 

too 

20  ! 

i  too 

500 

500 

2 

2 

300 

300 

300 

250 

20 

20 

20 

20 

30 

30 

200 

200 

300 

300 

SWITCHING  WAVEFORMS 


-  TAW  - 

INPUT  VAUO 

- TOW  - 

INPUT  VALID 


Timing  Diagram  1.  Program  Condition  Write  Timing  (Note  9). 
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Timing  Diagram  5.  Ready  Timing. 


Timing  Diagram  6.  Compressed  Timing. 
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Timing  Diagram  7.  Reset  Timing. 
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APPLICATION  INFORMATION 

Figure  6  shows  a  convenient  method  for  contouring  a  DMA 
system  with  the  Am951  7A  Controller  and  a  microprocessor 
system.  The  Multimode  DMA  Controller  issues  a  Hold  Request 
to  the  processor  whenever  there  is  at  least  one  valid  DMA  Re¬ 
quest  trom  a  peripheral  device  When  the  piocessor  replies  with 
a  Hold  Acknowledge  signal,  the  Am95l7A  lakes  contiol  ol  the 
Addiess  Bus,  the  Data  Bus  and  the  Control  Bus  The  addiess  lor 
the  lust  transfer  operation  comes  out  in  two  bytes  -  ttie  least 
significant  eight  bits  on  the  eight  Address  outputs  and  the  most 


significant  eight  bits  on  the  Data  Bus  The  contents  of  the  Data 
Bus  aie  then  latched  into  the  Am74l  S373  register  to  complete 
the  lull  10  bits  ol  the  Addiess  Bus  The  Am74l  K373  is  a  high 
speed,  luw  power.  8  bit.  3-state  register  in  a  20-pin  package. 
Alter  the  initial  tianster  takes  place,  the  register  is  updated  only 
after  a  carry  or  borrow  is  generated  in  the  least  significant  ad¬ 
dress  byte.  Four  DMA  channels  are  provided  when  one 
Am93l7A  is  used 


uos«o 


Figure  6.  Basic  DMA  Configuration. 
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PRELIMINARY  INFORMATION 


far  fij  N  '<«*- 

Gyslc.n  Timing  ConL-i--. 

Advanced  Micro  Devices 
Advanced  MOS/LSI 


DISTINCTIVE  CHARACTERISTICS 

•  Five  independent  16-bit  counters 

•  High  speed  counting  rates 

•  Up/down  and  binary/BCD  counting 

•  Internal  oscillator  frequency  source 

•  Tapped  frequency  scaler 

•  Programmable  Irequency  output 

•  8-bit  or  16-bit  bus  interlace 

•  Time-ot-day  option 

•  Alarm  comparators  on  counters  1  and  2 

•  Complex  duty  cycle  outputs 

•  One-shot  or  continuous  outputs 

•  Programmable  count/gate  source  selection 

•  Programmable  input  and  output  polarities 

•  Programmable  gating  (unctions 

•  Hetriggering  capability 

•  f  5  volt  power  supply 

•  Standard  40  pin  package 

•  lOO'c  MIL-STD-983  reliability  assurance  testing 


GENERAL  DESCRIPTION 

The  Am9513  System  Timing  Controller  is  an  LSI  circuit  designed 
to  service  many  types  ol  counting,  sequencing  and  timing  appli¬ 
cations.  It  provides  the  capability  tor  programmable  Irequency 
synthesis,  high  resolution  programmable  duty  cycle  wavelouns, 
relriggerable  digital  one-shots,  time-ot-day  clocking,  coincidence 
alarms,  complex  pulse  generation,  high  resolution  baud  rale 
generation,  Irequency  shilt  keying,  stop-watching  liming,  ovent 
count  accumulation,  waveform  analysis  and  many  more.  A  vari¬ 
ety  of  pioyiammable  operating  modes  and  contiol  tealuies  allow 
the  Ain9513  to  be  porsonalized  tor  particular  applications  as  well 
as  dynamically  reconfigured  under  program  control. 

The  STC  includes  five  general-purpose  1 6-bit  counters.  A  variety 
of  internal  frequency  sources  and  external  pins  may  be  selected 
as  inputs  lor  individual  counters  with  software  selectable  aclive- 
liiyli  or  aciive-low  input  polarity.  Both  hardware  and  software 
gating  oi  each  counter  is  available.  Three  state  outputs  tor  each 
counter  provide  pulses  or  levels  and  can  be  active-high  or  ac¬ 
tive  iuw.  The  counters  can  be  programmed  to  count  up  or  down  in 
eithei  binary  or  BCD  The  host  processor  may  read  an  accumu¬ 
lated  count  at  any  tune  without  disturbing  the  counting  process. 
Any  u'  the  counters  may  be  internally  concatenated  to  form  any 
elfeclive  counter  length  up  to  80  bits. 


GENERAL  BLOCK  DIAGRAM 
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Figure  I. 


OROr^ING  INFORMATION 


Package 

Temperature 

Type 

Bang- 

Molded 

Hermetic  Side-Brazed  Ceiamic 

OX  v  Ta  i  70  C 

Hermetic  Cerdip 

Hermetic  Side  Brazed  Ceramic 

5ft  C  *  T*  *  t  120' C 

Counting  Frequency 


7MHz 


AM9b13PC 

AM9b13DC 

AM95I3CC 

AM9S13UM 


Tho  Am9513  bloi  K  in-.c-viis  (f  I  and  2)  inu.Crtle  Ihe  into* 
lace  signals  and  tnc  bas.c  IIua  cl  mloiuia;iu:i  i:  •■•mal  con'iul 
lines  and  Ihe  internal  data  bus  have  been  oimtlcd.  Ihe  cuutiul 
and  data  registers  a>e  all  connected  to  a  common  internal  16  bit 
bus.  The  external  bus  may  be  8  or  16  bits  wide,  in  tho  0  bit  mode 
the  internal  16-bit  inlormelion  is  multiplied  lo  Ihe  low  order  data 
bus  pins  DBU  through  DU  7 

An  internal  oscillator  provides  a  convenient  source  ul  It equencies 
loi  use  as  couniei  inputs  Its  oscillating  frequency  is  controlled  by 
an  external  leactive  network  such  as  a  crystal  The  oscillator 
output  is  divided  by  Ihe  Fiequuncy  Scaler  lo  piovide  several 
subfrequencies  One  ol  Ihe  scaled  frequencies  (or  one  of  ten 
input  signals)  may  bo  soleclod  as  an  input  lo  tho  TOUT  divider 
and  ihen  comes  out  ol  the  chip  at  the  FOUT  mteiiace  pin. 

Tho  STC  is  addressed  by  the  external  system  as  two  locations  a 
control  pod  and  a  d.ita  port.  The  con' ml  port  provides  direct 
access  lo  the  Status  and  Command  legislers. .  .  ..  as  allowing 
Ihe  usei  lo  update  Ihe  Data  Pomtor  register.  1  lie  out  a  port  is  used 
lo  communicale  vuth  all  other  addressable  inleina!  iocalions.  the 
Data  Pointer  contiuls  the  data  pud  addressing 


Counter  Logic  Groups  1  and  2. 


Among  Ihe  registers  accessible  through  the  rinl.t  pod  are  Ihe 
Master  Mode  remstcr  and  live  Counter  Mode  nsjisiets.  one  for 
each  counlor  The  Master  Mode  register  conliols  Iho  pio- 
grammable  options  lha!  are  nol  conliollod  by  Iho  Counter  Mode 
registers 

Eacti  ol  Ihe  live  general  puiposo  counlois  is  tG  bits  long  and  is 
independently  controlled  by  ils  Counter  Mode  register.  Through 
this  register,  a  user  can  software  select  ono  ul  16  sources  as  the 
courtier  input,  a  variety  ol  gating  and  repetition  inodes,  up  or 
down  counting  in  binary  or  BCD  and  active-high  or  active-low 
input  and  output  polarities. 

Associated  with  oach  courilei  is  a  Load  register  and  a  Hold 
register,  both  accessible  thiough  the  data  port.  The  Load  register 
is  usod  lo  automatically  reload  mo  counter  to  any  predefined 
value,  thus  controlling  its  effective  period.  The  Hold  register  is 
used  to  save  count  values  wilhout  disturbing  Ihe  count  process, 
permitting  the  host  processor  to  read  intermediate  counts.  In 
addition.  Ihe  Hold  register  may  be  used  as  a  second  Load  register 
to  generate  a  number  ol  complex  output  waveforms 

All  live  counters  have  Ihe  same  basic  control  logic  and  control 
regislers.  Counters  1  and  2  have  additional  alaim  registers  and 
comparators  associated  with  them,  plus  Ihe  exlra  logic  necessary 
lor  operating  in  a  24  hour  time-of  day  mode.  Fur  trial  time  opera¬ 
tion  the  limo-ol-day  logic  will  accept  50Hz,  001  Iz  or  100Hz  input 
frequencies. 

Each  general  counter  has  a  single  dedicated  output  pm.  It  may  be 
turned  olf  when  the  output  is  not  of  inteiest  or  may  be  configured 
in  a  variety  of  ways  lo  dove  interrupt  controllois.  Dailirigton  buf¬ 
fers.  bus  drivers,  etc  The  counter  inputs,  on  tiie  otliei  hand,  aie 
specifically  not  dedicated  to  any  given  interface  lino.  Considera¬ 
ble  versatility  is  available  lor  configuring  both  Ihe  input  and  the 
gating  of  individual  counters  This  nol  only  per  mils  dynamic  leas- 
siynmenl  of  inputs  under  software  contiot,  but  also  allows  multi¬ 
ple  counters  lo  use  a  smylo  input,  and  allows  a  single  gale  pin  to 
control  more  Ilian  one  counter 


Counter  Logic  Groups  3,  4,  and  S. 


Figure  2. 
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;«\TERFACE  J.CV*...  CErCF.IPTIDN 
VCC:  i  &  voi!  powor  ?i;  'r*i  *!y 

VS5:  Ground 

XI, X2  (Crystal,  Inpuls) 

Xt  and  X2  ate  the  connections  toi  an  external  ciyslal  that  deter¬ 
mines  the  frequency  ol  the  interna!  oscillator.  An  RC  or  LC  net¬ 
work  may  also  be  used  instead  ol  a  crystal.  For  driving  from  an 
external  frequency  source,  X 1  should  be  left  open  and  X2  should 
be  driven  with  a  TTL  Ievel  square  wave. 

FOUT  (Frequency  Out,  Output) 

The  FOUT  output  is  derived  from  a  4-bil  counter  that  may  be 
programmed  to  divide  its  input  by  any  integer  value  Irom  1  to  16, 
inclusive.  The  input  to  the  counter  is  selected  from  any  of  15 
sources,  including  ttie  scaled  inlernal  frequencies  FOUT  may  be 
gated  on  and  off  under  software  control.  Following  power-up  or 
reset.  FOUT  provides  a  Irequency  that  is  1/IG  that  of  the  internal 
oscillator. 

GATE1-GATE5  (Gate,  Inputs) 

The  Gate  inputs  provide  hardware  control  of  the  counting  opera¬ 
tions  ol  individual  counters  by  determining  when  counting  may 
proceed  The  same  input  inay  control  uplo  Ihiee  counters  Gates 
may  also  be  selected  as  count  souices  lor  any  of  ttie  counters  or 
for  the  F OUT  divider  The  active  polarity  lor  a  selected  Gate  input 
is  programmable  at  oach  counter.  Schmitt  lugger  circuitry  on  the 
GATE  inputs  allows  slow  transition  times  lo  be  used. 

SRC1-SRC5  (Source,  Inputs) 

The  Source  inputs  piovide  external  signals  that  may  be  counted 
by  any  ol  the  counters  Any  Souice  line  may  bo  muted  lo  any  or  all 
ot  the  counters  and  live  FOUT  divider  Ttie  active  polarity  tor  a 
selected  Source  input  is  programmed  at  oach  counter.  Any 
source  waveform  duty  cycle  will  be  accepted  as  long  as  ttie 
minimum  pulse  width  is  at  least  half  the  period  ol  (lie  maximum 
specified  counting  frequency  tor  the  part.  SchrmU-tngger  circuitry 
on  the  SRC  inputs  allows  Slew  Iransition  limns  lo  be  used. 

OUT1-OUT5  (Counter  Outputs) 

Each  ol  the  live  counters  has  a  dedicated  output  pm  Depending 
on  the  output  configuration,  the  OUT  signal  may  be  a  pulse,  a 
square  wave,  or  a  complex  duly  cycle  waveform.  For  counters  1 
and  2,  Ihe  OUT  signal  may  also  indicate  ttie  status  of  comparator 
circuits.  Output  polarities  may  be  individually  programmed. 

DB0-DB7,  DB8-DBI5  (Data  Bus,  Input/Output) 

GATE1 A-GATE5A  (Auxiliary  Gates,  Input) 

Thu  Oata  Bus  lines  are  used  lo  commumcale  with  Ihe  external 
system.  After  power-up  or  reset,  the  data  bus  will  be  configured 
lor  8 -bit  width.  It  may  be  reconligurod  lor  1 6  bit  width  by  changing 
a  contiol  bit  in  the  Maslor  kb  uo  register.  Figure  4  summaries  all 
data  bus  transfers 


VVli-iu  -.aling  in  ttie  U  bit  data  bus  uiiviioum,  im  v  . 

optionally  be  used  as  additional  t .  • 
t  i'pii'  i  II  unused  they  should  be  tiuid  high  .  Wiieu  pui.uii  k,»v.  a 
ban.,  ,i\  s.ijiial  will  disable  the  action  ot  ttie  gale  input  cuntiullmg 
counter  N.  DB13.  DBM  and  DD15  should  be  tied  high  for  and  bit 
data  bus  width. 

CS  (Chip  Select,  Input) 

The  active-low  Chip  Select  input  enables  Read  and  Write  opera- 
tions  un  ttie  data  bus  Seo  Figure  4. 

RD  (Read,  input) 

The  active-low  Read  signal  is  conditioned  by  Cnip  Select  and 
indicates  that  inlernal  information  is  lo  be  translerrod  lo  Ihe  data 
bus  Wit  and  HD  should  be  mutually  exclusive 

WR  (Write,  Input) 

The  active  low  Wole  signal  is  conditioned  by  Chip  Select  and 
Indicates  that  data  bus  information  is  to  be  transferred  lo  an 
internal  location.  WR  and  RD  should  be  mutually  exclusive 

C/D  (Conlrot/Data,  Input) 

The  Conliol/Data  signal  selects  souice  and  deslmalion  locations 
for  reud  and  wute  operations  on  Ihe  data  bus  Cunliol  Write 
operations  load  the  Command  register  and  Ihe  Data  Pointer. 
Control  Read  operalions  output  Ihe  Status  register  Data  Read 
and  Data  Write  transfers  communicate  with  all  olhei  internal 
registers 
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Figure  4.  Data  Bub  Transfers. 
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The  a-bil  wute-only  Command  legisler  is  loaded  by  willing  into 
the  conirol  port  as  shown  in  Figme  4.  Will;  fti-tni  d.ila  bus,  Ibo 
low-order  d  bits  are  loaded  into  llie  register,  tliu  ii,yli-oider  byte 
should  be  FF  (hex). 

The  Command  registor  provides  direct  control  over  each  ot  the 
live  general  counters  and  controls  access  through  the  dala  port 
by  allowing  the  user  to  updalo  the  Data  Pointer  rog.sler  A  sum¬ 
mary  ol  all  commands  appears  in  Figuio  5.  Six  ol  the  command 
types  are  used  lor  direct  software  conliul  ol  Ihe  counting  process. 
Each  ol  those  six  commands  contains  a  livu  bit  S  liold.  In  a 
linear-select  fashion,  each  bit  in  the  S  liold  coriespunds  to  ono  ol 
the  live  general  counlers  (S 1  »  Counter  1 ,  S2  -  Couriior  2,  ole  ). 
When  an  S  oil  is  a  one.  the  speciliod  operation  is  peiloimed  on 
the  counler  so  designated;  when  an  S  bit  is  a  zero,  no  operation 
occurs  lor  V  corresponding  counter. 

A  counter  must  bo  aimed  by  onu  ui  the  ARM  cotnmaiids  before 
counting  can  commence.  Once  aimed,  the  counting  p.ocess  may 
be  luriher  enabled  ur  d.sabled  using  iho  liaidware  galirig 
lacitities  The  ARM  and  DISARM  ccmniuiids  po.iitil  software 
gating  of  the  count  process,  in  some  modes. 

The  LOAD  command  causes  the  counter  to  be  reloaded  with  Ihu 
value  in  either  Ihe  associaled  Load  nigisler  or  the  associated 
Hold  register.  II  w.il  oliun  be  used  as  a  suilwate  lelugger,  or  as 
counter  initialization  prior  to  active  hardware  gating. 

The  DISARM  command  disables  ladder  cc  t.r.g  independent  ol 
any  hardware  gating.  A  disarmed  counlor  may  be  leioaded  using 
the  LOAD  command,  may  ba  mcierneniuu  or  decremented  using 
Ihe  STEP  command  and  may  be  read  using  Ihe  SAVE  command. 
A  count  process  may  be  resumed  using  an  ARM  command 

The  SAVE  command  iranslors  lire  contents  ol  a  counter  to  its 
associated  Hoid  register  The  tionsfer  takes  place  without  inter¬ 
fering  wilh  any  counting  that  may  bo  under  way  I  his  c  ommand 
will  overwrite  any  previous  i  told  register  contents.  The  SAVE 
command  is  designed  to  allow  an  accumulated  cuuul  to  bo  pre¬ 
served  so  Ihal  it  can  be  read  by  Iho  host  CPU  al  sumo  later  time. 


i  i.isic  comma! H i.,  uxe  : 

...  i.  A-.  UiSA*  i..t  AND  SAVE  e.i,  eomi  ii.m 

lois  .’.d  - . .  hi, nm. ii i  G  aio  provided  to  Step  an  a . - . . , - .J . i 

coiiiiloi  Li,  o.ie  count,  set  and  clear  an  output  toggle,  issue  a 
sollware  inset,  clear  and  set  special  bits  in  the  Masloi  Mode 
lugisler,  load  Iho  Dala  I’uinlor  logisloi 

Data  Polt iio.-  Register 

The  E  bit  i  rai  l  Pointer  regisloi  is  loaded  by  issuing  the  appropri¬ 
ate  command  iiuough  tne  control  port  to  Iho  Command  register. 
As  shown  ,n  i  .gore  b.  the  [)ata  Pointer  register  consists  ol  a  Byte 
Pomtur,  an  Liumeiit  Pointer,  and  a  Group  Pointer  Tlte  content  ot 
Iho  Data  l  oiiitor  is  used  as  an  address  to  point  to  an  internal 
register.  When  a  legisler  is  addressed  by  Iho  Dala  Pointer,  it  may 
be  accessed  through  the  data  port. 

1ho  Dyto  Pointer  bit  in  the  Data  Pointer  register  indicates  which 
byto  of  a  lb  ;,ii  icgistei  is  to  bo  translonod  on  the  next  access 
through  too  o-  ;a  pod  Whunovw  the  Dala  Pointer  is  loaded,  the 
Byte  Point.. i  |;jj  i3  sot  to  i  no,  indicating  a  loast-signilicarit  byto  is 
expected  .no  byte  Pointer  toggles  lollowing  each  0-bit  dala 
transfer  v»mi  an  3  bit  data  bus  (MM13  0).  ot  it  always  remains 

sol  wilh  the  lo  bit  dala  bus  option  (MM  13  -  1)  Although  tliu 
contents  ol  the  Elomonl  and  Giuup  Pointer  in  the  Data  Pointer 
register  cannot  be  read  by  the  host  piucessot,  the  Byte  Pointer 
ts  available  as  a  bit  in  Ihe  Status  legistur. 

Topcrmit  the  host  processor  lo  rapidly  access  Ihu  various  internal 
registers,  automatic  sequencing  of  iho  Data  Pointer  is  provided. 
Sequencing  is  enabled  by  clearing  Master  Mode  bit  14  (MM  14)  lo 
0.  As  shown  in  Figure  /.  several  types  ol  sequencing  die  availa¬ 
ble  doper*. Dig  ou  llie  data  bus  width  being  used  and  the  initial 
Data  Foil  liter  value  enleiod  by  command. 

When  Ef  0 or  1.2  0  and  G4,  < 32,  G1  point  to  a  Counter  Group 

ttie  Dala  Pointei  will  proceed  thiough  the  Element  cycle  Ihu 
Element  l.  ;ld  will  aulomalically  sequence  Iiuough  lliiuu  val¬ 
ues:  00.  ut  and  10  shilling  wilh  Ihe  value  entered  When  iho 
transition  !-,,m  U)  lo  Ull  uccuis,  the  Group  hold  will  also  be. 
increment1 -u  b,  one  Note  that  the  Element  hold  m  tins  case  does 
not  soquei-i  i  lo  a  Vtilue  ol  I  I  Ihe  Giuup  held  cin.ulutos  only 
will  mi  Ihe  live  Cuunloi  Group  codes 
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1  =  Least  sigmlicant  Byte  Tiansleirud  noxt 
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000  -  Illegal 
001  -  Counter  Grpup  1 
010  =  Counter  Group  2 
011  =  Counter  Group  3 

100  =  Counter  Group  4 

101  =  Counter  Group  5 
110 -Illegal 

111=  Control  Gioup  — 


Element  Pointer 

00  =  Mode  Register 


01  =  Load  Register 
10  =  Hold  Register 
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Figure  6-  Data  Pointer  Counter. 
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Figure  7.  Data  Pointer  Sequencing. 
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If  E 1  =  1  and  E2  =  1 .  then  only  the  Group  held  is  sequenced  This 
is  thn  Hold  cycle.  It  allows  the  Hold  regisluis  to  be  sequentially 
accessed  while  bypassing  the  Mode  and  Load  registers.  7  he  third 
iype  ol  sequencing  is  the  Conirol  cycle  II  G4.G2.G1  -  1 1 1  and 
E2.E  1  /  1 1 .  the  Element  Pointer  will  be  incremented  through  the 
value..  00,  01  and  1U.  with  no  change  lo  the  Gioup  Pointer 

When  Gt.G2.G1  =  111  and  E2, El  =  1 1 .  no  incrementing  lakes 
place  and  only  the  Status  register  will  be  available  Ihiough  the 
data  purl  Nolo  that  the  Status  register  can  also  always  be  read 
diiectiy  Ihiough  the  Control  port. 

For  ali  ol  these  auto-sequence  modes,  il  an  8-bil  data  bus  is  used, 
the  Bylo  pumler  will  toggle  alter  every  data  transfer  lo  allow  the 
least  and  most  significant  bytes  lo  be  transferred  before  tho 
Element  or  Group  Fields  are  incremented. 

Status  Register 

The  8-bil  lead-only  Status  register  indicates  the  stale  ol  the  Byte 
Pointer  bit  in  the  Data  Pointer  register  and  the  stale  ol  the  OU I 
signal  lur  each  ol  the  yeneial  counteis.  See  Fiyuie  8  The  OUT 
signals  reported  are  those  internal  lo  the  chip  alter  the  polariiy- 
selecl  logic  and  |usl  before  the  three  slate  intortace  butler  cir¬ 
cuitry.  The  Status  teyisler  is  normally  accessed  by  reading  the 
control  purl  (see  Figure  4)  but  may  also  be  road  via  Ihe  data  port 
as  part  ol  Ihe  Conirol  Group. 
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Counter  Logic  Creep;; 

\s  shown  in  Figure  2,  each  ol  Ihe  live  Counter  Logic  Gronns 
consists  of  a  16-bit  general  counter  with  associated  control  and 
output  logic,  a  16-bit  Load  register,  a  1 6-bit  Hold  register  and  a 
16  bit  Mode  register.  In  addition.  Counter  Groups  1  and  2  also 
include  16-bil  Comparators  and  16  bit  Alarm  regislors.  The  com- 
parator/alarm  lunctions  aio  conti oiled  by  the  Master  Mode  regis¬ 
ter  the  opeiafion  ul  Ihe  Counter  Mode  leg.steia,  then,  isllie 
same  for  ail  live  counters.  Thu  host  CPU  has  bolh  lead  and  wnlo 
access  lo  all  registers  in  tt-.u  Counter  Logic  Groups  through  Ihe 
data  port.  The  counter  itsoll  is  never  directly  acoessod 

Ttie  1 6-bit  read/viiite  Load  register  is  used  to  <'«nbol  the  elfeclive 
period  ot  the  general  counter.  Any  1 6  bit  value  inay  be  wntien  into 
the  l  .1  register  That  value  can  then  be  transferred  into  the 
counter  each  lirno  (hat  Tormina!  Count  (TC)  occurs.  'Terminal 
Count' '-is  defined  as  that  peuod  ul  tune  when  the  counter  contents 
would  have  been  zero  il  an  external  value  had  no!  been  transfer¬ 
red  Into  the  counter.  Thus  the  terminal  count  frequency  can  be  the 
input  frequency  divided  L>y  the  value  in  the  Load  to ••  ’  •*  in  all 
operating  modes  the  contents  of  oither  Load  or  Held  will  be 
transtened  into  the  counter  when  TC  occurs.  In  cases  where 
values  are  being  accumuluied  in  the  counter,  Ihe  Loud  register 
action  can  be  transparent  by  tilting  the  Load  register  with , ill  zeros. 

Ttie  16  bi!  read/wnio  Hold ;  agister  is  dual  purpose.  I;  can  be  used 
in  Die  same  way  as  Ihe  Load  register,  thus  ollunng  an  alternate 
source  for  modulo  definition  tor  ihe  counter.  The  Hold  register 
may  also  be  used  lo  store  accumulated  counter  values  lot  later 


han't  '■  t;iii'<e,--i  I  Ins  allow-  Die  cou.  ■  I  , 

pi*  da.  i;,,  ii'  iSpioueeds  li.insfeii  I . 

Cut ,Uin» ,  ,  ,alil  logislui  is  accomplished  by  Dio  liuidv.aiii 

interlace  ,n  son.u  operating  modes  oi  by  Die  sullwaie  b«vL 
command  any  time 

The  16-bil  mad/wnte  Counter  Mude  regislor  contiuls  the  gating, 
counting,  output  and  source  select  lunctions  within  each  Counter 
Logic  Grout;  Figure  9  shows  Die  bit  assignments  tor  the  Counter 
Mode  registers  Goneially  each  counlot  is  independently  confi¬ 
gured  by  iUi  vJ  O’  U I  del  Mode  register  and  dues  nut  depend  on 
configuration  iulunnaliun  uutsidu  its  Countui  Logic  Giuup 

Counter  mode  bits  CMO  through  CM2  speedy  the  output  contiul 
cor, figuration  the  OUT  pm  may  bo  oil  and  in  a  high  impcUance 
statu,  or  it  may  Lo  oil  with  a  low  impedance  to  giound  the  six 
remaining  combinations  am  split  into  active-high  and  active  low 
versions  ot  ti.a  tamo  basic  output  waveluims. 

One  Output  fnrm  available  is  called  Terminal  Count  <TC|  arid 
represents  Die  peiii/d  in  tune  Dial  the  countui  roaches  an  equiva¬ 
lent  valuu  ol  zuio  I  iguio  10  shows  a  Teimirial  Count  pulse  and 
an  example  context  Dial  generated  it  The  TC  width  is  detemmied 
by  the  period  ol  Die  counting  souice  Regardless  ol  any  gating 
input,  lliu  tern. mat  counl  will  go  active  lor  only  one  clock  cycle 
Figure  10  assumes  uclivu-high  source  pulunly,  counter  aimed, 
counter  decrementing  and  an  external  reload  value  ol  K 

The  counter  Walt  always  be  lojdcd  bum  an  external  location  when 
TC  occurs;  Die  usur  can  choose  Die  source  location  and  the 
value.  II  a  non  zuio  value  is  picked,  Die  counter  will  nevtn  really 
attain  a  zero  state  and  1C  will  indicate  Die  counter  stale  Dial 
would  have  been  zero  had  no  parallel  transfer  occuried 
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Figure  10.  Terminal  Count  Wavolorm. 


Another  output  loan  uses  TC  to  toggle  a  flip  Hop  to  generate  an 
output  level  instead  of  a  pulse.  Two  variations  of  the  toggle 
waveforms  are  availablo,  as  shown  in  Figure  1 1  T  he  one  labeled 
"Delayed"  uses  only  the  TC  pulse  to  change  the  toggle.  Since  TC 
does  not  occur  until  a  full  count  elapses  following  Ihe  loading  of 
the  counter,  the  first  tiansition  of  the  toggle  is  delayed  from  the 
moment  of  arming.  On  the  other  hand,  the  waveform  labeled 
"Immediate"  also  uses  Ihe  TC  pulse  as  the  toggling  source  but 
adds  a  toggle  transition  on  the  first  count  following  the  arming. 
Alter  the  initial  transition,  both  Delayed  and  Immediate 
waveforms  are  Ihe  same,  for  the  same  output  polarity  they  wilt  be 
180°  out  of  phase.  The  trailing  edge  of  TC  triggeis  (tie  toggle  and 
the  toggle  output  is  1/2  the  frequency  of  TC. 

Counlei  Mode  bits  CMG  through  CM  12  specif,  the  source  used 
as  input  to  the  counter  and  Ihe  active  edge  that  is  counted  Bit 
CM12  controls  Ihe  polarity  lor  all  the  sources,  logic  zero  counts 
using  edges  and  logic  one  counts  falling  edges  Bus  CM8  through 
CM  II  select  one  ol  sixteen  counting  sources  to  route  to  the 
counter  input.  Five  ul  Hie  available  inpuls  are  internal  frequencies 
derived  (rom  the  internal  oscillator  (see  Figure  1 5  lor  frequency 
assignments)  Ten  ol  the  available  inpuls  are  interlace  pins,  five 
are  labeled  SRC  and  live  are  labeled  GATE.  The  sixteenth  avail¬ 
able  input  is  the  TC  signal  from  Ihe  ad|acen(  lower-numbered 
counter  (The  Counter  5  T1"  wraps  around  to  the  Counter  t  input). 
This  option  allows  internal  concatenation  that  permits  very  tong 
counts  to  be  accumulated  WhenTCN  1  is  the  source,  Ihe  count 
tipales  between  Ihe  connected  counters. 


Counter  Mode  Mi  CM3  through  CM7  specify  the  various  op¬ 
tions  available  lor  direct  control  of  the  counting  process.  CM3 
and  C.-'i4  opetale  independently  o!  the  others  and  confrol  up/ 
down  and  BCD/binaiy  counting.  They  may  be  combined  freely 
with  other  control  bits  to  form  many  types  of  counting  configura¬ 
tions.  The  other  three  bits  interact  in  complex  ways.  Bit  CM5 
controls  the  repetition  ol  the  count  process.  When  CM5  =  1 , 
counting  will  proceed  in  the  specified  mode  until  the  counter  is 
usarmed  or  the  mode  is  changed  When  CM5  =  0  the  count 
process  will  proceed  only  until  one  lull  cycle  of  operation  occurs. 
This  may  occur  after  one  or  two  TC  events.  The  counter  Is  then 
disarmed  automatically.  The  single  or  double  TC  requirement 
will  depend  on  the  stale  of  other  control  bits  Note  Dial  oven  if  Ihe 
counter  is  automatically  disarmed  upon  a  TC.  it  always  counts 
the  count  source  edge  which  genorales  Ihe  trailing  TC  edge. 


Bit  CMC  specifies  the  location  used  to  reload  the  counter  con¬ 
tents  when  TC  occuis  When  CM6  =  0,  the  contents  ol  the  Load 
register  aie  transferred  into  the  counter  at  eveiy  TC.  When  CM6 
-  1.  the  reload  location  may  be  either  Ihe  Load  or  Hold  register 
The  reioHd  location  in  this  case  may  be  controlled  externally 
using  a  GA I E  pm  or  may  alternate  on  each  TC  Bit  CM?  controls 
the  special  gating  functions  that  allow  relngyering  and  Ihe 
selection  of  Load  and  Hold  locations  lor  counter  updating  The 
use  and  definition  of  CM7  will  depend  on  the  status  ol  the  Gating 
Coiibui  Hold  and  bits  CM5  and  CM6  See  Figure  12. 

Couniei  Mode  bits  CM13  through  CM15  specify  Ihe  hardwaie 
gating  options.  When  "no  gating"  is  selected  (000)  the  counter 
wnll  jm aceed  unconditionally  as  long  as  it  is  armed  For  any  other 
gating  moo  .  Ihe  count  process  is  conditioned  by  Hie  specified 
gating  i  ouiiyuiation  Foi  codes  ol  1 10  or  1 1 1  in  this  field,  count¬ 
ing  proceeds  alter  the  specified  active  Gate  edge  occurs 
Iheioallci.  the  Gate  input  is  ignored  and  counting  continues 
ui  i!il  alici  ui  ie  or  two  1 C  pulses  occur  or  the  counter  is  disarmed. 
Oiliei  codes  in  the  gating  held  select  either  active  high  or  ac¬ 
tive  low  level  gating  bum  a  padicular  GATE  pm,  or  from  the  TC 
Signal  ol  Ihe  adjacent  counter.  Level  gating  allows  the  counter  to 
count  only  those  clock  edges  that  occur  while  Ihe  gate  is  active 
i  iyiihT*  12  summarizes  the  various  counting  configurations  ol  the 
AmS&iJ. 

When  edge  galing  is  specified  and  the  CM7  bit  is  cloared, 
counting  will  be  enabled  on  the  first  active  gate  edge  aftei  Hie 
ARM  instruction.  Counting  will  continue  until  a  DISARM  instruc¬ 
tion  occurs  or  one  or  two  TC  pulses  occur.  When  the  counting 
slops  on  TC,  an  active  GATE  edge  will  allow  counting  to  resume 
if  Ihe  specified  repetition  has  not  occurred.  While  Hie  counter  is 
counting  no  GATE  input  edge  or  level  will  mlluence  (lie  count 
sequence.  This  mode  provides  a  non-retriggerable.  edge- 
triggered.  digital  one-shot  function.  When  edge  gating  is 
specil.uo  and  Hie  CM  /  bit  is  set,  counting  will  begin  on  the  active 
gate  edge  after  the  ARM  instruction.  It  the  specified  repetition 
has  not  uccuned,  any  active  edge  ol  the  specified  Gale  input  will 
reload  Ihe  counter  and  at  the  same  time  the  counter's  contents 
will  be  transferred  to  the  Hold  register  In  this  mode  the  counter 
will  stop  alter  each  TC  and  will  resume  on  the  next  active  GA1 E 
edge.  Thus  Hie  counter  perforins  as  a  rolnggerable  edge- 
triggered  one  shot.  In  the  non  gated  mode  when  the  CM7  bit  is 
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Figure  12.  Atn9513  Operating  Modes. 
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set,  the  counter  is  snubicd  to*  frequency  s’.'l.  I„>',.:ig  u;  'Talm.i. 
In  tins  riiurio,  !*,u  cc.ui**oi  z  (j.i*e  input  wit*  cu.'.iiu*  wlio.fior  i*.j 
Load  *eg  is*a*  or  »*L***.t  *  * 1  ■ ,  *o  *  o  •  *s  reloaded  ***«o  *h.)  cuunlei  a* 
Terminal  Count,  llio  GATE  input  is  synch,  onn-ud  *>,th  ttio  cuu.,t 
source  to  eliminate  possible  race  conditions  il  it  changes  as  the 
TC  occurs. 

When  the  Am9513  is  set  to  operate  with  an  6-bit  data  bus  width, 
pins  DBS  through  DB15  are  not  used  lor  the  data  bus  and  are 
available  for  ottier  (unctions.  Pins  DB 1 3  through  OB  1 5  should  be 
tied  high.  Pins  DB8  through  DB12  are  used  as  auxiliary  gating 
inputs,  and  are  labeled  GATEIA  through  GATE5A  respectively. 
The  auxiliary  gate  pin,  GATENA,  is  logically  ANDod  with  Ore  gale 
input  to  Counter  N,  as  sliown  in  Figure  13.  The  output  of  the  AND 
gale  is  then  used  as  the  gating  signal  lor  Counter  N. 


lY.ssi,’-  J'.jdo  Register 

il**.  i..!  Master  Mode  (MM)  register  r  ns*  u  . . .  ... 

tiotivilius  that  aie  nut  contiolluu  by  >uo  muividu.u 
Ouunioi  Mode  ruyisteis.  Tins  includes  frequency  conliol, 
time-ol  day  operation,  comparator  controls,  data  bus  width 
and  data  pointer  sequencing.  Figure  14  shows  (lie  bit  assign¬ 
ments  lor  (tie  Master  Mode  register. 

A  16-bit  scaling  counter  divides  the  output  ol  the  on-chip  os¬ 
cillator  into  lour  additional  sub-lrequencies.  This  provides  a 
total  ol  live  interna'  liequencies  that  may  be  routed  to  any  ol 
the  geneial  counters  and  to  ttie  FOUT  divider.  The  scaler  is 
tapped  every  4  bits  and  may  be  piogrammed  by  Master  Mode 
bit  MM  1 5  to  divide  in  binary  or  in  BCD  Figuro  15  shows  the 
resulting  combinations  ol  frequencies  that  are  available. 
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Figure  13.  Gating  Conti  ol. 
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Bits  MMO  and  MMl  ol  llio  Master  Modo  register  specify  the 
time  ol -day  (TOD)  options |  When  MMO  =  0  and  MM  I  -  0  the 
special  logic  used  to  implement  TCD  is  disabled  and  counters 
1  and  2  will  operate  in  exactly  the  same  way  as  counters  3,  4 
and  5.  When  MMO  =■  t  or  MMl  =  1.  add.tional  counter  de¬ 
coding  and  control  logic  is  enabled  on  counters  1  and  2  which 
causes  their  decades  to  turn  over  at  the  counts  that  generate 
appropriate  24-hour  TOD  accumulations. 

Figure  16  shows  the  counter  conliguiations  for  TOD  opera¬ 
tion.  The  least  significant  decade  of  Counior  1  is  used  to 
scale  the  input  frequency  in  order  to  output  tenth-ol-second 
enods  into  the  next  decade.  It  can  be  setup  to  divide  by  five, 
wide  by  six,  or  divide  by  ten.  Thus  (tie  input  frequency  for 
real-time  clocking  can  be,  respectively,  50Hz,  60i :.  or  100Hz. 
Tftn  innul  Inr  Counter  2  should  be  the  TC  output  ol  Counter  1 
for  TOD  operation.  Botli  counters  should  be  setup  lor  BCD 
counting  and  no  gating  Ttie  Load  legislers  should  be  used  to 
initialize  the  clock  to  the  proper  lime. 

Added  functions  are  available  in  the  Counter  Logic  Groups  for 
counters  1  and  2  (see  Figure  2).  Each  contains  a  1 6-bit  Alarm 
register  and  a  16  bit  Comparator.  Bits  MM2  and  MM3  control 
the  Comparators  When  a  Comoaiator  is  enabled  its  output  is 
Substituted  Mr  the  noui|al  counter  pulpul  on  If  in  associated 
OUTI  or  QUT2  pin.  The  polarity  definition  lor  the  Comparator 
output  will  dopend  on  the  active-high  or  active-low  definition 
as  programmed  in  the  appiopriate  Counter  Mode  register. 
Once  the  compare  output  is  true,  it  will  remain  so  until  (he 
count  changes  and  the  comparison  therefore  goes  lalse.  The 
two  Comparators  can  be  used  individually  in  most  operating 
modes  A  special  case  occurs  when  the  tirne-ol  day  option  is 
invoked  and  both  Cgmuaialots  <UC  enabled.  The  opeiahon  ol 
Con  ...orator  2  will  then  be  conditioned  bv  Cuniuaralof  1  so 
that  a  lull  32-bil  compaio  must  be  true  in  order  lo  generate  a 
true  signal  on  00  .  :i". 

Master  Mode  bits  MM4  through  MM7  specify  llio  source  input 
lor  the  FOUT  divider.  Fifteen  inputs  are  available  lor  selection 
and  they  include  the  live  Source  pins,  Ihe  five  Gale  pins  and 
the  live  internal  Irequencies  derived  Irom  the  oscillator.  The 
'  Sth  combination  ol  Ihe  lour  control  bits  (all  zeros)  is  used  to 
-  isure  that  an  active  frequency  is  available  at  Die  input  to  Die 
rOUT  divider  following  reset. 

Bits  MM8  through  MM  it  specify  the  dividing  ratio  lor  Ihe 
FOUT  Divider.  The  FOUT  source  (selected  by  Cits  MM4 
through  MM  7)  «s  divided  by  an  integer  value  between  l  and 


16.  inclusive,  ar.d  is  then  passed  lo  Die  FOUT  output  butter 
After  power-on  or  resel.  Die  FOUT  Divider  is  sei  lo  divide  by 
sixteen. 

Master  Mode  bit  MM  12  piovides  a  software  gating  capability 
lor  the  FOUT  signal  When  MM  12  -  1,  FOUT  is  oil  arid  in  a 
low  impedance  slate  to  ground.  Alter  power-up  or  reset. 
FOUT  is  gated  on. 

Bit  MM13  contiols  the  multiplexor  at  the  data  bus  interlace  in 
order  to  conhgoie  the  part  lor  an  6-bit  or  16-bit  external  bus.  T ho 
internal  bus  is  always  16-bits  wide  When  MM13  -  1 ,  16-bit  data 
is  transferred  directly  between  the  internal  bus  and  all  16  ol  the 
external  bus  lutes.  In  this  configuration.  Die  Byte  Pointer  bit  in 
the  Data  Pointer  register  lemains  set  at  all  times  When  MM13 
0,  16-bit  internal  data  is  tiaristerred  a  byte  at  a  time  to  and  bom 
the  eight  low  order  external  data  bus  linos  The  Byte  Pointer  bit 
toggles  with  eacii  byte  transfer  in  this  inode.  When  operating 
with  an  8-bit  data  bus  width,  live  ol  Ihe  eight  high-order  data  bus 
pins  (DB8  through  OU12)  aie  available  lor  use  as  auxiliaiy  gate 
inputs. 

Bit  MM  14  controls  the  Data  Pointer  logic  to  enable  oi  disable  Ihe 
automatic  sequencing  functions.  When  MMt4  -  1,  Ihe  contents 
ol  Ihe  Data  Pointer  can  bo  changed  only  directly  by  entering  a 
command.  When  MM14  =  0,  several  types  of  automatic 
sequencing  ol  Ihe  Data  Pointer  are  available  These  are  de¬ 
scribed  in  the  Data  Pointer  register  section  of  this  document. 

Bits  MM12,  MM  13  and  MM  14  can  be  individually  set  and  reset 
using  commands  issued  lo  the  Command  register  In  addition 
they  can  all  be  changed  by  wnling  directly  lo  Iho  Master  Mode 
register. 
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ApPulUAi  L  ■  .  if,!. ,  >  C  it 

"I  hfl  a1  2IlfJ  X2  ;p*‘"  Li?  JllVisii  Vv  ill  i  ..  DC  nStVtii  A,  Lil  l 

external  i  IL-ibtui  square  wavo,  c  a  ciysi ..  Fiyuio  19  sLovrs 
the  suggested  methods  ol  connecting  uiiloienl  Irequency 
sources  to  the  internal  oscillator  input. 

The  use  ol  a  crystal  provides  a  highly  accurate  Irequency  source 
at  moderate  cost,  and  accordingly,  will  usually  bo  tho  pielerred 
method  ol  operation.  The  Am95l3  is  designed  to  use  a  crystal  in  a 
parallel-resonant  mode.  The  two  ceramic  capacitors  connecting 
XI  and  X2  to  ground  ensure  proper  loading  on  ttie  crystal.  Ttie 
capacitor  to  X2  may  be  an  adjustable  type  (01  line- tuning  the 
resonant  Irequency  lor  critical  applications. 

An  RC  network  provides  a  very  low  cost  Irequency  souice  but 
may  exhibit  large  Irequency  variations  over  recommended 
power  supply  and  temperature  ranges  Note  mat  there  is  a  re¬ 
sistor  internal  to  ttie  Am95l3  in  parallel  with  any  external 
resistance. 

Inltlall/ellon  Procedures 

The  reset  lutuUioa.  in  the  Am9Ql3  is  accomplished  in  two 
ways  automatically  dunng  power-up  and  by  software  Master 
Reset  command  j^ownw-up  ropel  circuitry  is  iniernally  triggered 
by  the  rising  VCC  voltage  when  a  predetermined  threshold  is 
reached.  An  internal  llip-llop  is  set  by  the  rising  supply  voltage 
and  controls  the  reset  operation.  Ttie  reset  Hip-Hop  remains  set 
until  cleared  by  the  lust  active  Chip  Select  input  A  reset  may  also 
by  initialed  by  tho  host  piocessor  by  entering  the  Master  Reset 


couiir.^nd.  Tins  software  reset  is  active  toi  tr.f  .  . 
r  jiiiiii-  1  .vi, to,  oiiiciwise  it  perloiiirs  llio  -.I. , i*.. 

,.owei  up  resol. 

Following  either  type  ol  Reset,  all  live  counleis  aie  disabled. 
0800  is  loaded  into  each  Counter  Mode  register,  and  0000  is 
loaded  in  Hie  Master  Mode  register.  This  results  in  each  counter 
being  configured  to  count  down  in  binary  on  the  positive -going 
edge  ol  tho  internal  FI  Irequency  source  with  no  repetition  or 
gating,  The  Master  Mode  register  is  cleaied  to  configure  Hie 
Am95l3  lor  an  B-bit  data  bus  width,  binary  division  ol  the  internal 
oscillator;  F  OUT  gated  on  and  set  to  divide  F 1  by  16;  time-ot-day 
mode  and  compaiatois  1  and  2  disabled;  and  the  Data  Pointer 
increment  enabled. 

Reset  wilt  clear  ttie  Load  and  Hold  registers  lor  eacli  countei  but 
will  not  change  either  the  counter  contents  or  ttie  Data  Pointer 
register. 

The  following  initialization  procedure  should  be  followed  on 
Countei s  I  and  2  when  Tirno-of-Uay  mode  is  selected 

1 .  Set  T mm  ol  Day  enabled  in  the  Master  Mode  regisler  and  load 
Counlei  Mode  registers  1  and  2 

2.  It  Time  ul  Day  is  to  count  up,  load  0000  in  Load  legisleis  1  and 
2  and  o«ecule  command  FF43  (Load)  to  load  this  value  into 
the  counleis  This  step  conditions  the  count  circuitiy 

3.  Load  ttie  desired  start  tune  into  Hie  Load  registers  and  execute 
command  FF43  again 

4.  For  counting  up,  load  Load  registcis  1  and  2  with  0000 

5.  Counleis  1  and  2  may  now  be  armed 
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Figure  19.  Driving  tho  XI  and  X2  Inputs. 
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FEATURES 

Complete  Data  Acquisition  System 
12  Bit  Digital  Output 
16  Single  or  6  Differential  Analog  Inputs 
Hitj)i  Throughput  Rate 
Selectable  Analog  Input  Ranges 
Versatile  Input/Output/Control  Format 
Low  3  Watt  Power  Dissipation 
Small  3"  x  4.6"  x  0.375"  Module 


GENERAL  DESCRIPTION  The  DAS  I  I2X  is  a  high  priforinancc  device  which  can  digitize 

The  DAS1 128  is  a  complete  self-contained  ntiniatuie  h ’•  an  ana.  c  signal  to  1  accutacy  of  ±V4l,SH  out  of  12  bits,  rela- 

speed  data  acquisition  system.  The  compact  i"  x  4.6"  x  0.375*  live  to  full  ale.  It  has  ±Hppm/  C  gain  'emperature  coefficient, 

module  provides  the  des.6.icr  with  an  easily  implement?  '■  olu-  and  the  maMimmi  througuput  rate  can  be  varied  from  50,000 

tion  to  the  data  acquisition  problem.  It  contains  an  analog  in-  corner  ms/sciond  for  a  12  bit  conversion  Irom  different 
put  signal  multiplexer,  a  Sam;  le  and-hold  amplifier,  r  ’  ’  I'it  analog  ■  h-mnel*.  200,000  conveisions/second  for  a 

A/D  converter,  and  all  of  the  programming,  timing  and  control  successive  4  oil  conversion  made  on  a  single  channel, 
circuitry  needed  to  pci  form  the  complete  data  acquisition 
function. 


Figure  1.  Functional  Block  Diagram 


Information  furnished  by  Analog  Devices  is  believed  to  be  accurate 
and  reliable.  However,  no  responsibility  is  assumed  by  Analog  Devices 
for  its  use;  nor  for  any  infringements  of  patents  or  other  rights  of  third 
parties  which  may  result  from  its  use.  No  license  is  granted  by  iinplica 
tion  or  otherwise  under  any  patent  or  patent  tights  of  Analog  Devices 


Route  1  Industrial  Park;  P.O.  Box  280;  Norwood,  Mass.  02062 
Tel:  617/329-4700  TWX:  710/394-6577 

West  Coast  Mid-West  Texas 

213/595-1783  312/894  3300  214/231-5094 
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SPtUi'iiriH  1 1011 S  (typical  @  +  25°C  end  +15V  unless  otheiwise  noted) 


DiGIIAL  Dl'  I*  i  I  U.  s  \LN 

16  Single  Ended.  8  { rue  Differential.  Compatibility 


ANALOG  INPU1S 

Number  of  Inputs  to  Multiplexer 

Input  Voltage  (l  ull  Scale  Range) 


Maximum  Input  Voltage 
Input  Current  (per  channel) 

Input  Impedance 
Input  Capacitance 

Input  Fault  Current  (power  tiff  or 
MUX  failure) 

Direct  ADC  Input  Impedance 

ACCURACY’ 

Resolution 
Error  Relative  to  I'  S 
Quantisation  Error 
Differential  Nonlinearity  Error 
(*>  3  3klU  throughput  rate 
<!)  50klD  throughput  rate 
Noise  Error 

-ES  to  ♦  KS  Error  Between  Succes¬ 
sive  Channel  1  ransitions 
TEMP.  COEFFICIENTS 
Cain 
Offset 

Differential  Nonlinearity 
SIGNAL  DYNAMICS 

Throughput  Rate  (12  Bits) 

MUX  Crosstalk  ("OFF"'  channels 
to  "ON"  channel) 

Differential  Amplifier  CMRR 
SIIA  Acquisition  l  ime  to  0.01% 
SIIA  Aperture  Uncertainty 
SKA  Feedthrough 

DIGITAL  INPUT  SIGNALS 
Compatibility 

MUX  Address  Inputs  (8.  4,2.1; 
Pins  19B  through  22B) 

MUX  ENABLE  Hi  (Pin  18T) 

MUX  ENABLE  LO  (Pin  17B) 

STROBE  (Pin  24T  or  25T) 


LOAD  ENABLE  (Pm  24B) 


CLEAR  ENABTTE  (Pm  25B) 


TRIGGER  (Pm  26T) 


TRICCEK  (Pin  27T) 


16  Pseudo  Different lal 
10V  to  ♦  10V,  0V  to  ♦  |t»V,  -5 V  to 

♦  5V.  OV  to  ♦  5 V .  10  24V  to 

♦  10  24V.  0V  to  *10  24V.  5  12V 
to  ♦  5  1 2  V ,  or  0V  to  ♦  5  12V 

♦  15  V 
5nA  max 
>|W,w  ohms 

liipF  fm  "Oi  l  "  channel 
iOOpF  for  "ON”  channel 

Internally  limited  to  2<>mA 
|0kl2  for  each  input  line 

12  Bits 
♦4I.SU 
♦4LSB 

.♦41  SB.  ILSB  max 

♦II  SB 

♦4I.SB 

±  ILSB 

8ppm/°C.  20ppm/°C  max 
5ppm/  C.  I5ppiii/  C.  max 
2.5pprn/  C.  6pptn/  C  max 

5  ok  ID.  (max) 

(includes  5/a s  for  MUX  and  S|IA 
settling  time  plus  l  5ps  for  ADC) 

>8IKIH  down  I  kHz 
70dB  to  Ikliz 
4.5/is  max 
10ns 

70dB  down  <p?  1  kl  17 

Standatd  DI  L/TT  L  logic  levels, 

1  unit  load/line 

Positive  true  natural  binary  coding 
selects  channel  for  random  addtess- 
ing  mode.  Must  be  stable  for 
100ns  after  STROBE. 

High  (Logic  "1")  input  enables  MUX 
"HI"  output  (for  inputs  U  through  7) 
High  (Logic  "1")  input  enables  MUX 
"LO"  output  (for  inputs  8  thiough 
15) 

Negative  going  transition  ( Logit  "1” 
to  Logic  "0")  updates  MUX  address 
register.  STROKE  1  must  fic  a  Logic 
"1"  to  enable  STROM  2.  STROBE- 

2  must  be  at  Logic  "1 "  to  enable 
STROM  1. 

High  (Logic  "I")  input  allows  next 
STROBE  command  to  sequent  tally 
advance  MUX  address  register. 

Low  (Logic  "O”)  input  allows  nrxt 
STROBE  command  to  update  MUX 
address  register  according  to  exter¬ 
nal  address  inputs. 

Low  (Logie  "0")  input  allows  next 
STROM  command  to  reset  MUX 
address  to  channel  "0"  overriding 

LOAD  ENABLED 

Positive  going  transition  (Logic  "O” 
to  Logic  "1")  initiates  A/D  conver¬ 
sion  (even  during  conversion); 
TRlCOnr  (Pin  27T)  must  be  at 
Logic  "0"  Co  allow  TRIGGER 
function. 

Negative  going  transition  (Logic  "I" 
to  Logic  "0")  initiates  A/D  conver¬ 
sion;  Pin  261'  tTRIGGERMnust  he 
at  Logic  "1 "  to  allow  TRIGGER 
function. 


Parallel  Outputs 
Coding 

MUX  Address  t  hi i puts 
<fl.  8.  4.2.1  pins  l*H. 
IV  I  through  22  I  ) 
DELAY  OU|  i I’m  23  1  ) 


E0C  (Pin  27 R) 

ADJUSTMENTS  &  1  KIMS 

Of! set  Adjust 

Internal  Adjustin'  lit  'Extcniallv 
Accessible) 

Remote  Extein.il  Adjustment 
(Pm  16|') 

Range  Adjust 

Internal  Adjustment  lExteinallv 

Accessible) 

Remote  E.xitinal  Adjustment 
(Pin  Kill) 

Clock  I  rim  (Pm  2r*ID 

Factory  Selling  (I'm  7.611  "OPEN") 
Fxternal  Adjusiiuciil  Range 
Delay  Inin  (I'm  7 3 ID 

Factory  Selling  (I'm  23B 
"OPEN") 

External  Adjustment  Range 
CONTROLS 

SHORE  CYCLE  iPm  2«l  > 


Channel  Selection  Mode 

tMUX  Add t ess  Loading  Mode) 

AT)  Conversion/!  TianntT  Select 
Sequences 


Range  Select  (Pm  121) 


BINARY  SCALE  (Pm  i 514) 


OUEPUI  CODING  (I’m  17  IT 


POWER  REQUIREMENTS 

♦  15V  *3% 

15V  ♦  3% 

♦  5  V  ts% 

Power  Supply  Sensitivity  J 
(.am 
Offset 
Ref 

ENVIRONMENT  &  PHYSICAL 
Operating  I ettiperaiuie 
Storage  Icmpeiatme 
Relative  Humidity 
Electrical  Shielding 

Packaging 
PRICE 


Standard  I )  H  III  lugu  »r\i  U  S 

unit  loads  line 

HI.  Rt  tlnoiigh  Rl.’ 

Nairn  il  t - . n a t \  iwm's  complement 
oH  set  ( ■  in  .il  \  .  >>i  *im  •>  loiiij’lcmi  nt 
I'm  win  i.iliir 

pMMin  e  '  r uc  n jin t  if  Ion Ji\  •  «»dn«g 
indicates  (  haiincl  v  1«  i  leil 

Neg  iiivi  g<  mig  i«  iiisin.ui  '  I  ■  fit  I 
in  I  i  ipii  "H  *  «it  i  in  i  mg  H nr  iii  ill- 

5ps  * adjust able  limn  *  Ops  i  ■ 

2H//M  .it in  Si  H (  IHJ  ,  oiiiim  in  I 
IlllliallC  \  1 1  «  nm  i  i  SMHI  .Oil  nlli.il  I 
ij|L  when  lOltiu  i  led  lo  the 

TKifTrrn 

High  '  I  ogn  "l"l  oil i (Hi i  dining  \  D 

(  nine  I  Mm  M 


4  H>1  SB's  litinii 
4  IOI  S|(  s  c min ♦ 


4  l til  SB’s  (mm) 

4  IOI. SB's  mini i 
1  75p\/Bit 

I  25/is  Bir  lo  2  oHpv'Bn 


3  ops 

3  Ops  lo  20ps 

t  onne.  I  lo  gloitnd  l"t  full  1  lot 
tcsolui ion  (  mini'll  (o  H„  output 
lor  resolution  to  Rn  j  Inis 
Random,  scqin  nii.il  conimuous. 
and  sequential  nigger ed  I’m 
vele<  table 

Normal  t  input  channel  remains 
selected  i luimg  us  A  T)  conversion  I 
and  overlap  (next  <  ImhiuT  self  ted 
during  A/l>  lonseision)  Pm  select 
able 

Dif Icrentijl  Amplilier  gam  control 
connect  to  ANA  ICI  N  (Pm  2  I )  for 
XI  gam;  connect  to  AMP  OU  I  tl’m 
l3IDIoi  X2g.ini  I  Ins  control  is 
used  m  I- Sl<  select  ion  procedure 
Connect  to  RE.F  AlrJ  (Pm  lolU  to 
set  rcletence  to  It)  24  V  I  his  con 
trol  is  used  in  I- SR  selection  pro 
cedure.  sec  I  able  II 
Grouml  for  J 's  complement  outpui 
code;  connect  to- 15V  dc  lor  other 
available  codes 

•IOin A,  50ru A  rnax 
7ttmA.  InOinA  max 
25t)tuA.  500inA  max 

4  2  OmV/V 
4  4  OinV/V 
M»  5mV/V 

o  to  ♦7UY. 

25  <  to  »8S  t 
l'p  to  US'S,  non  1  ondensing 
KIT  N  I  MI  6  sides  1  except  <"t»nci 
tor  irea) 

Insulated  steel  1  as«  d  module  t  (HI  x  4  60 

(l  );5" 

42**5  (Hi  ( |  u >  pi u «•  mi  ludes  mating 
tight  angle  i"ihm'i  tot 


'  Warmup  time  to  rated  accuracy  is  5  minutes 

’Sperificaiinn  applies  only  when  tracking  •  I  J V  ami  -15V  supplies  are  used,  and  tur 
slowly  oc curing  variations  in  power  supply  voltages 
Specifications  subject  to  change  without  nonce 
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THEORY  OP  OPERATION 

A  block  diagram  of  the  DAS1128  is  shown  in  Figure  1.  Analog 
input  signals  are  applied  to  the  various  inputs  of  the  16  channel 
CMOS  multiplexer.  This  multiplexer  in  conjunction  with  the 
differential  amplifier  that  follows  it,  can  be  configured  by  the 
user  to  accept  16  single  ended  analog  inputs,  or  8  fully  differ¬ 
ential  analog  inputs.  It  can  also  be  connected  as  a  16  channel 
“pseudo-differential”  input  device,  which  permits  some  of  the 
benefits  of  differential  operation  while  maintaining  a  16  chan¬ 
nel  input  capability. 

The  differential  buffer  amplifier  is  gain  programmable  by  the 
user  via  jumpers  at  the  module  pins.  This  feature,  along  with 
the  selectable  reference  voltages,  permits  the  user  to  set  up  the 
DAS1 128  to  operate  on  any  of  8  input  voltage  ranges.  1'he 
differential  amplifier  drives  a  sample  and-hold  amplifier,  whose 
function  it  is  to  hold  the  selected  analog  input  signal  at  a  con¬ 
stant  level  while  the  A/D  converter  is  making  a  conversion. 

The  A/D  converter  is  a  high  speed  12  bit  successive  approxima¬ 
tion  device  that  has  been  designed  using  the  Analog  Devices' 
AD562,  12  bit  integrated  circuit  D/A.  The  reference  voltage 
for  the  conversion  is  supplied  by  an  adjustable  precision  refer¬ 
ence  circuit  that  lias  a  temperature  coefficient  of  5ppni/  C. 

In  addition  to  these  basic  functional  blocks,  the  DAS1 128  also 
contains  all  of  the  clock  circuitry  necessary  to  perfoirn  the 
complete  data  acquisition  function.  The  internal  clock  can  be 
externally  adjusted  to  provide  various  throughput  rates  at  diff¬ 
erent  accuracies.  Input  channel  addicssing  logic  is  provided,  as 
is  the  capability  to  short  cycle  the  A/D  converter  (i.e.  perform 
conversions  of  less  than  12  bits  resolution).  Ir  is  also  possible 
for  the  user  to  adjust  the  time  interval  between  input  channel 
selection  and  the  commencement  of  a  conversion.  T  he  user  can 
thus  trade  off  speed  vs.  accuracy  in  the  settling  time  of  the 
multiplexer  and  samplc-and  hold  amplifier,  as  well  as  speed 
versus  accuracy  of  the  A/D  converter. 
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Figure  2.  Simplified  Timing  Diagram,  Showing  Time-Interval 
Assignments  and  Constants 


fur  ail  sensois.  In  each  ol  these  input  schemes,  it  should  lie 
noted  that  the  input  multiplexer  lias  been  designed  to  protect 
itself  and  signal  sources  from  both  overvoltage  failure  and  lioni 
fault  currents  due  to  power  ofl  loading  or  MUX  failure 
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Figure  3.  Signal  Input  Connections  for  Three  Different 
Configurations 


I-ull  scale  range  of  the  DAS  I  128  may  be  set  by  appropriate 
jumper  connections  for  8  different  ranges:  0  to  +  10V;Ulo 
+  5V;  l)  to  f  1 0.24V ;  0  to  I  5 . 1  2  V  ;  -10  to  ♦  10V;  -5  to  +5V; 
•rO.24  to  F  10.24  V;  -5.12  to  *5. 12V. 

Note  that  10.24  and  5.12  ranges  arc  commonly  used  since  con¬ 
version  invicmenls  become  5mV/bit,  2.5mV/bit,  and  I  25mV/ 
bit. 

MUX  AND  S/ll  DYNAMICS  OVERLAP  MODE 
The  overlap  mode  is  defined  as  the  ability  of  MUX  to  accept 
a  new  channel  address  thereby  selecting  the  next  channel  to  be 
sampled  while  the  previously  acquired  sample  is  being  held  by 
the  S/ll  foi  conversion.  The  dynamic  chaiaetcristics  of  the 
S/ll  circuit  are  shown  in  f  igure  4  Maximum  throughput  rates 
are  obtainable  when  a  single  channel  is  held  at  a  single  address 
and  the  channel  is  sampled  repeatedly  In  a  dynamic  condition, 
dala-throughput  rates  obtainable  are  shown  in  figure  5. 
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INPUT  CONNECTIONS 

As  shown  in  Figure  3,  three  input  configurations  can  be  used. 
16  single-ended  inputs  (3a)  can  be  connected  to  the  multiplex¬ 
er,  all  referenced  to  analog  gnd.  In  the  second  configuration 
(3b),  the  inputs  arc  connected  individually  as  8  true  differen¬ 
tial  pairs.  In  this  case  the  differential  amplifier  is  connected 
"Differentially”  with  the  output  of  the  MUX.  Finally,  a 
“Quasi-Differential"  connection  (3c)  can  be  realized  under 
favorable  ground  path  conditions  In  this  configuration  the 
differential  amplifier  Lo  terminal  is  used  as  the  ground  return 
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Figure  4.  Sample-Hold  Parameters  Defined  and  Specified 
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SHORT  CYCLE 

It  is  possible  to  short  cycle  the  DAC1 1  28,  i  e  ,  stop  the  conver¬ 
sion  after  less  than  12  bits.  Hus  can  be  done  by  connecting  an 
external  jumper  between  short  cycle  terminal  and  one  of  the 
output  terminals.  With  shorter  cycles  the  attainable  through- 
put  rate  increases,  see  Figure  5.  In  short  cycle  operation  the 
feOC  will  decrease  proportionately  to  the  number  of  bits 
selected.  Note  the  short  cycle  terminal  must  be  grounded  for 
full  12-bit  operation. 


RESOLUTION  -  Bin 


Figure  5.  DAS1 128  Throughput  Rates 


MUX  ADDRESSING 

External  terminals  have  been  provided  for  the  address  counter. 
Thus  the  address  counter  can  be  configured  to  produce  the 
following  modes:  Continuous  sequential  scanning  (free  run¬ 
ning),  sequential  scanning  with  external  step  command,  abbre¬ 
viated  scan  continuously,  random  channel  selection.  Sec  Figure 
6  and  set  up  procedure  for  details. 


MUX  SCAN  CONTROL  CONNECTIONS 
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IF  IftAB  ENft  IS  ALSO  USFD 
CONNFCT  THIS  INruT  TO  IT 
(T0  24RI  THIS  GIVES  LOAD 
ING  PREFERENCE  OVER 
CLEARING 

NOTE  FOR  INITIAL  CHANNEL  • 
M.  CONNEC1  GATE  0*11  PUT  IO 
LOAD  FNfl  <74R)  AND  COOf 
CHANNEL  IN0.  4  2,  I  TO 
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Figure  6.  To  shorten  scanning  sequency  of  multiplexer  chan¬ 
nels,  make  the  appropriate  connections,  (as  shown  in  the  chart) 
between  an  external  NAND  gate  and  MUX  ADDRESS  terminals 
19T  to  21T 


GRU'  CONSIDERATIONS 

Attenii  -.,  >.l.|  lie  given  to  the  methods  of  connection  f  .i 

electro. ai  i-.iuii.s  and  voltage  reference  points  Analog  return 
(ANA  KIN)  and  digital  return  (DIG  RTN)  are  provided.  The 
follow  ing  rules  should  be  applied  when  integrating  the  DAS1 128 
into  the  system. 

1.  If  the  ±  15  V  power  supply  is  floating  (for  optimum  analog 
accuracy),  connect  its  return  to  ANA  KIN  (Pin  2B  or  21) 

If  the  il5V  power  supply  is  not  floating,  connect  its  return 
to  DIG  KTN  (Pin  351  or  35B). 

2.  Connect  the  +5V  supply  return  to  DIG  RTN  (Pin  35T  or 
3513).  If  this  supply  also  powers  additional  equipment,  run 
separate,  paiallel  returns  to  the  equipment  ground  and  to 
DIG  RTN  (Pin  35T  or  35B). 

3.  To  minimize  signal  grounding  problems,  single-ended  input 
signals  should  only  be  returned  to  ANA  RTN  (Pm  2B  or 
2T).  If  this  is  not  possible,  then  connect  the  input  signals 
in  cither  the  "true  differential”  or  "pseudo-differential" 
configurations  (see  Figure  3). 

4.  Connect  computer  ground  to  DIG  KTN  (Pin  35 T  or  35B). 

Use  heavy  wire  or  ground  planes. 

5.  The  computer  chassis  should  be  connected  to  the  computer 
and  power  supply  grounds  at  only  one  point. 

6.  Connect  the  third  wire  ground  from  main  ac  power  input 
to  the  computet  power  supply  return. 


GAIN  AND  OFFSET  ADJUSTMENTS 

The  DAS  1 128  is  calibrated  with  external  gain  and  offset  adjust¬ 
ment  potentiometers  connected  as  shown  in  Figure  7  and  H. 

The  offset  adjustment  potentiometer  has  an  adjustment  range 
of  at  least  i  1 01. SB’s,  and  the  gain  range  adjustment  potentio¬ 
meter  has  an  adjustment  range  of  at  least  ±10LSBs. 

Offset  calibration  is  not  affected  by  changes  in  gain  calibration, 
and  should  therefoic  be  performed  prior  to  gain  calibration. 
Proper  gai. i  and  offset  calibration  requires  great  care  and  the 
use  of  exit  cutely  sensitive  and  accurate  reference  instruments. 
The  voltage  standard  used  as  a  signal  source  must  be  very  stable. 
It  should  be  capable  of  being  set  to  within  ±1/10LSB  of  the 
desired  value  at  any  point  within  its  range. 

These  adjustments  arc  not  made  with  zero  and  full  scale  input 
signals,  and  it  may  be  helpful  to  understand  why.  An  A/D  con¬ 
verter  will  ptoducc  a  given  digital  word  output  for  a  small 
range  of  input  signals,  the  nominal  width  of  the  range  being 
one  LSB.  If  the  input  test  signal  is  set  to  a  value  which  should 
cause  the  converter  to  be  on  the  verge  of  switching  between 
two  adjacent  digital  outputs,  the  unit  can  be  calibrated  so  that 
it  docs  switch  at  just  that  point.  With  a  high  speed  convert 
command  rate  and  a  visual  display,  these  adjustments  can  be 
performed  in  a  very  accurate  and  sensitive  way.  Analog  Devices 
Analog-Digital  Conversion  Notes  gives  more  detailed  informa¬ 
tion  on  testing  and  calibrating  A/D  converters. 


OFFSET  CALIBRATION 

For  unipolar  a  lt)V  operation  set  the  input  voltage  precisely  to 
aO, 0012V  and  adjust  the  offset  potentiometer  until  the  con¬ 
verter  is  just  oil  the  verge  of  switching  from  000000000000  to 
000000000001. 

For  ±5V  bipolar  operation  set  the  input  voltage  precisely  to 
-4.9988V;  for  +  10V  units  set  it  to  -9.9976V  Adjust  the  offset 
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potentiometer,  Figure  7,  uni:|  Offset  Binary  cutlet  units  are 
just  on  the  verge  of  switching  front  OOUOOOOOOOUO  to 
OOOOOOOOOOO 1  and  Two’s  Complement  coded  units  are  just 
on  the  verge  of  switching  I OOOOOOOOOOO  to  lOOOOOOOOOOl. 


INT  OFFSET  ADJUSTMENT 


,  MOV  REF.  15T 

»  EXT. 

OFrSET  16T 
)  ADJ. 

)  ANA.  RTN  21/28 


INCREASE 

OFFSET 


ANA  RTN  2T /2B  f 


INCREASE 

RANGE 


•R  SHOULORF  AT 
LEAST  47ki»  AND  NO 
MORE  THAN  470MJ. 
REDUCING  R  INCREASES 
ADJUSTMENT  RANGE. 


Figured.  Ext.  Ref.  Adjustment 


CLOCK  RAIL  ADJUSTMENT 

The  clock  rate  may  he  adjusted  tor  best  conversion  tiuic/accu- 
racy  trade  off.  The  conversion  lime  is  varied  by  means  of  the 
external  circunry  shown  in  Figure  9.  An  open  CLK  I  KIM 
terminal  (Fm  2oB)  results  in  1.25/js/bit  nominal  conversion 
time.  A  grounded  CI.K  TRIM  terminal  (tor  highest  accuracy) 
results  in  2.08/js/bu  conversion. 


DECREASE 

OFFSCI 


Figure  7.  £xt.  Offset  Adjustment 

GAIN  CALIBRATION 

Set  the  input  voltage  precisely  to  +9.9963V  for  unipolar  oper¬ 
ation,  +4. 9963V  for  inputs  of  ±5V  or  +9. 9926V  for  inputs  of 
±10V.  Note  that  these  values  are  1‘ALSB's  less  than  nominal 
full  scale.  Adjust  the  20k  variable  gain  resistor.  Figure  8,  until 
Binary  and  Offset  Binaiy  coded  units  arc  just  on  the  verge 
of  switching  from  111111111110  to  lillllllllll  and  Two's 
Complement  coded  units  are  just  on  the  verge  of  switching 
from  0 11 1 1 1 1 1 1 1 1 0  to  0 1 1 1 1 1 1 1 1 1 1 1 . 

INT.  RANGE  ADJUSTMENT 


DECRFASE 

RANGE 


REF.  ADJ.  16B  1 


i!»V  a»  I  H.ll 


Cl  ¥ 
HUM 


<•-,  i ,  .ism 

y  n  in 


I  if  l  HI  AM 
<  ONV  I  IMI 


IN«  H I  AM 
I.ONV  I  IMI 


Figure  9.  Cluck  Trim 
DELAY  TIM  I  ADJUSTMENT 

The  1)LY  Ob'  l  signal  may  be  adjusted  to  vary  the  A/D  conver¬ 
ter  triggering  lime  by  means  of  the  external  circuit! v  shown 
in  Figure  10.  An  open  Dl.Y  TRIM  terminal  (Pin  23 B)  results  in 
a  nominal  delay  time  of  3.0/js.  A  grounded  DLY  TRIM 
terminal  (for  highest -accuracy)  results  in  20/js  delay  time 
nominal. 


J 

♦  BV  Tf.  I  36B - 

< 

J  OF  I  AY  - 

iniM 

C  m«.  htn  :i'.l.3SH 
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IJF  I.  AY 
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Figure  10.  Delay  Trim 


TABLE  I 


INPUT 

CONFIGURATION 

16  Single-Ended 
Inputs 
(Figure  3a) 


8  Different  d 
Inputs 
(Figure  3b) 

16  Pseudo-Differ¬ 
ential  Inputs 
(Figure  3c) 


ANALOG  INPUT 

ANALOG 

CONNECTIONS 

INPUT  RETURN 

3T  thru  IOT 

All  input  returns 

and 

to  2B  or  2  I’ 

3B  thru  10B 

3T 

311 

thru 

thru 

io  r 

10B 

31  thru  IOT 

Common  input 

ami 

return  to  1  2B 

3B  thru  10B 

JUMPER 

CONNECTIONS 

I  IB  to  1  IT 
I2B  to  2B  or  2 T 
17B  to  191 
181  to  I8B 

1  IB  to  I2B 
17B  to  181  to 


i  IB  lo  I  I  I 
I  7 It  lo  I  9  | 

I8|  lo  IKH 
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RECOMMENDED  SET  US’  S*i*i>«/:  :*URK 

1.  Select  input  cunfigutao'm,  ■  l  able  !. 

2.  Select  MUX  address  mode. 

The  method  of  addressing  the  multiplexer  can  be  selected 
by  connecting  the  unit  as  follows: 

RANDOM  Set  Pin  24B  (TOAD  ENB)  to  Logie  ‘‘l)1'.  I  lie 
next  falling  edge  of  STROBE  will  load  the  address  presented 
to  Pins  19B  through  2211  (8,  4,  2,  1).  The  code  on  these 
lines  must  be  stable  during  the  falling  edge  of  STROBE  plus 
100ns. 

SEQUENTIAL  TREE  RUNNING.  Set  to  Logic  “I”,  Pin 
24B  (LOAD  ENTt)  and  2511  (CLRLNB).  Connect  Pin  2/11 
(EOO  to  Pin  24T  (STROBED.  Connect  Pin  23T  IDLY 
OUT)  to  Pin  27 T  (TRIG).  Use  Pin  26T  (TRIC) as  a  run/ 
stop  control  (i.e.,  A/D  conversion  will  continue  while  TRIG 
is  high  and  will  stop  while  TRIG  is  low). 

SEQUENTIAL  TRIGGERED.  Set  to  Logic  “I”,  Pins  24B 
(LOAD  ENB)  and  251)  (CCR  ENiTj.  Connect  Pin  241 
(STROBE)  to  external  triggering  source.  The  multiplexer 
address  register  will  automatically  advance  by  one  channel 
whenever  a  S  TRODE  command  Is  received.  The  initial  chan¬ 
nel  can  be  selected  by  setting  Pin  241)  (I  OAT)  END)  to  Logic 
“0"  during  only  one  STROBE  command.  »  ue  multiplexer 
address  will  then  be  determined  by  the  logic  levels  on  Pins 
19B  through  22B  (the  external  MUX  address  lines).  Channel 
“0"  can  be  selected  as  the  initial  channel  by  setting  Pin  25B 
(CLR  ENB)  to  Logic  “0”  during  only  one  STROBE  com¬ 
mand.  The  final  channel  can  be  selected  by  following  the 
procedure  presented  in  Figure  6. 

3.  Select  A-D  conversion/elianncl  select  sequence  (see  l'igure  5). 

(1)  NOR.'  ’.AL  (input  channel  remains  selected  during 
its  A/D  conversion).  Connect  Pin  23T  (DLY  OUT) 
to  Pin  271'  (TRIG). 

(2)  OVERLAP  (next  channel  is  selected  during  A/D 
conversion).  Connect  Pin  27 B  (FOG)  to  TTL  com¬ 
patible  inverter  input.  Connect  inverter  output  to 
Pin  24T  (STRODE).  Connect  Pin  231'  (DLY  OUT) 
to  Pin  27T  (TRIG).  Adjust  the  delay  to  at  least 
4gis  greater  than  EOC,  20ps  max  (sec  Figure  10). 

The  signal  on  Pin  26T  (TRIG)  serves  as  RUN/ 

STOP  control. 

(3)  REPETITIVE  SINGLE  CHANNEL.  After  selecting 
the  input  channel  to  be  repetitively  sampled  (see 
MUX  ADDRESS  MODE,  above),  set  Pin  27  1  (  HUG) 
to  Logic  "0”.  Connect  Pin  26T  (  TRIG)  to  a  trig¬ 
gering  source.  Conversion  process  is  initiated  by 
positive  edge  of  TRIG  command. 


a.  I  ml  ..  hn  •  ■  '  ,'i  '  -nncci  Pm  28  i  i  M 1 1  t 

to  Pin  33  tl  -  i  O*  i  R  I  N  ) 

b.  Bn  (Hn  <  12  I  hit  resolution:  connect  Pm  281  to  the 
output  pm  I oi  |in  i  I . 

5.  Select  optimum  throughput  rate. 

The  system  clock  iicqucncy  and  the  STROBE  to  I  RIG 
delay  (if  used'  can  he  trimmed  to  optimize  the  accuracy/ 
throughput  talc  liade -off.  See  Figures  9  ami  It*. 

6.  Select  input  voltage  full  stale  range.  Sec  I  able  II. 

7.  Select  output  digital  coding.  See  l  ahlc  III. 


TABLE  II 


FOR  FULL  SCALE 
RANGE  OF: 

MAKE  THE  FOLLOWING 
CONNECTIONS 

Oto  +  IOV 

1 21  to  21  :  14  I  to  1411  to  ADC  Source* 

0  to  +  10.24V 

same  as  0  to  *  ItlV,  f>lu\  1  5B  to  16B. 

0  to  ■*  5  V 

121  to  1311;  FIT  and  1411  to  ADC  Source’ 

0  to  a  5. 12  V 

same  as  l>  to  ♦  SV,  plus  1  5K  to  16li 

-JOV  to  r  1UV 

12T  to  21  .  14  1  in  1  5  1;  and  14h  to  ADC 

Source  * . 

-10.24V  to  +  10.2  IV 

same  as  10V  to  *- 1  (IV .  film  1511  to  1611 

-5V  to  +5V 

1 21'  to  I  .U1;  14  1  to  151  and  14B  to  ADC 
Source*. 

-5.12V  to  +5. 12V 

same  as  5  V  to  *  5  V,  plus  1  5h  to  16h 

*ADC  Source  is  usually  Sample  ami  llnhl  t  lutpiit  1 1  41  I.  but  may  l>  any 
sigi...l  source  including  I  riff.  Amp.  liutpul  (1311)  it  Sample  and  Hold  is 
not  desired. 

TAHI.Ii  III 


OUTPUI  CODE 

CONNECTIONS 

Unipolar 

Connect  1 71  to  15V 

Binary 

Use  2'/T  (111)  lor  MSI! 

2’s  Complement 

Connect  17  T  to  -15V 
Use  2811  (111)  lor  MSB 

Offset  llinaiy 

Connect  1 71  to  -15V 
Use  2VT  (hi  )  tor  MSh 

1‘s  Complement 

Connect  17  1  to  2h 

Use  2Hh  (hi  )  lor  MSh 

r.-y 


3 


r' 


W  ' 


Figure  1 1.  Timing  for  Non-Overlap  Operation  in  Both  Fandom  and  Sequential  Addressing  Modes. 

For  Status  Keys  and  Signal  Condition  Data,  Refer  to  Box  Below. 

SIGNAL  CONDITIONS 
AND  STATUS  KEYS 
I- OK  FIGURES  1 1  AND  12. 


SF0UENT1AI  APpntSSING  OVFBl  AP  MPr.E 
ARRANGED  FOR  CONIINUOUS  CONVERSION  rtl  IH  JUut  PERIOD 


Cll.  2  =  -3. 415V  CODE  010  101  010  101 
CII.  3  =  e  10.235V  CODE  111  111  111  111 
Cll.  0=10  240V  CODE.  000  000  000  000 
Cll.  1  =  *  3.410V  CODE  101  010  101  010 

ADC  SE  E  UP  EOR  +  10.24V  INPUT. 

OEESE'I  I1INAKV.  (EOK  TWO'S 
COMPLEMENT,  USE  111  l  OK  M  S. 13.) 


Figure  12.  Timing  Diagram  for  Overlap  Operation  in  the 
Sequential  Add:.  ig  Mode.  For  Status  Keys  and  Signal  Con¬ 
dition  Data,  See  Box  at  Right. 


KEY 

INPUTS 

OUTPU IS 

CSC 

M.iy  change 

Don't  know 

zzz 

May  change  0  to  1 

Changes  0  u>  1 

May  change  1  to  0 

Changes  1  (o  0 

0l< 

Must  he  stable 

Will  he  st  able 
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DAS1128  Connector  Pin  Diagram 


-.  i 

r.‘J 


♦  15V 

IT 

IB 

16V 

ANA  RTN 

2T 

2B 

ANA  RTN 

CM  0  IN 

IT 

38 

CH  0  IN  ECHO 

CM  1  IN 

4  T 

40 

CH  9  IN  ICH  1 

CM  2  IN 

5T 

5B 

CM  10  IN  (CM  2 

CH  3  IN 

6T 

60 

CH  1 1  IN  (CM  1  1 

CM  4  >N 

7T 

70 

CM  12  IN  ICH  4 

CM  5  IN 

0T 

8B 

CH  13  IN  ICH  5 

CM  6  IN 

9f 

90 

CH  14  IN  (CH  6 

CM  7  IN 

ior 

100 

CH  15  IN  (CH  7 

MUX  HI  OUT 

m 

1 1B 

MUX  LO  OUT 

RANGE  SEL 

17T 

128 

AMP  IN  LO 

SB,  H  OUT 

nr 

13B 

AMP  OUT 

ADT  IN  1 

14  T 

14B 

ADC  IN  2 

♦  10V  REF 

15T 

I5B 

BINARY  SCALE 

EXT  OFFSET 

161 

160 

REF  AOJ 

OUTPUT  CODING 

t/T 

1/0 

ENABLE  LO 

ENABLE  HI 

181 

IBB 

5  OUT 

»°l"  1  MUX 

19  f 

19B 

a  IN  1  MUX 

4  OUT  ADDRESS 

201 

2  OB 

4  ,N  (  ADDRESS 

*“u'  LINES 

?  1  i 

210 

LINES 

1  OUT  1 

ur 

228 

1  IN  > 

DLV  OUT 

23T 

230 

Dl Y  TRIM 

STROBE  ! 

24T 

24B 

COaOTFjB 

STROBE  3 

25T 

2*>B 

CUT  FNR 

TRIG 

2bT 

268 

CtK  TRIM 

TRIG 

2/1 

27B 

KTc 

SHT  CYC 

2t»r 

268 

§7  ou  r 

B1  OUT 

29T 

298 

82  OUT 

B3  OUT 

301 

3UB 

84  OUT 

B5  OUT 

31T 

310 

86  ou  r 

B7  OU I 

321 

32B 

89  OU  r 

B9  OUT 

33  T 

33H 

BIO  OUT 

611  OUT 

34  i 

34fi 

817  i  'R  OUT 

DIG  R  1  N 

35  r 

3‘.*B 

DIF,  .<  IN 

‘5V 

361 

36b 

*5V 

AI"t|SI  ■  '  H 

I  ♦ 


Dimensions  shown  in  inches  and  (mm). 
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Typical  Applications 
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DAS1128  WITH  .MOTOROLA  6800 


NOT  F 

1  8255  USF.O  IN  MODF  1  iSlROHin  I'OI 

2  *C6  INDf  XFS  MUX  TO  DFSlMFO  CMAfJNEI. 

3  CS  TO  A,  'WHERE  A.  IS  AN  /»r>UHf.S$  HI  f  OTMfn  PHAN  A„  OR  A,» 

4  PCMNlflATFSCONVFRSinn 

5  For.  SinOPFS  IN  OATA  ANt  MUX  INFO 

«  Bibb  SHOWN,  HOWEVER  6B2J  CAN  ALSO  HF  USED 


DAS  J  128  WITH  IN  I  LL  8080 


NOTE 

1  R26S  MSF  f>  l»-'  M*»|»F  HMRoiMOi  ni 

1  CS  I O  A,  iVflit  UF  A,  is  AN  AOIWFSS  P>  I  O  IMF  IT  THAN  A0  f  I  A, I 
1  POG  INLM  XL  5  MUX  Ml  l»f  SUM  I'  lllANNt  t 
4  *»CMNlltAlfSC’MNV»f'SI«»N 
*>  EUC  SHU‘11*  s  IN  OAI  A  AND  MUX  INI  O 


®.  n  *  ”  s  ^ 

^  •  S*  «  a  Ja,.C  Ifc^  Sha.  ^ 


£s&ii%§  i 


y*-': 

_•?**>:  .  <  v,  *•  -at  ’'  •  h 

V?  «  '-**/  w~*I  SuJ* 


Cast  General  Pu 
,  :  to-Analog  Cor4v:. 


FEATURES 
12  Bit  Resolution 
Input  Register  Included 
Choice  of  Codes 
Programmable  Output  Ranges 
Low  Profile  2"  x  4"  x  0.4"  Module 


GENERAL  DESCRIPTION 

The  DACI118  is  a  12  bit,  general  purpose  digital-lo-analog 
converter  which  conies  complete  with  an  input  storage  register 
and  a  versatile  output  amplifier.  This  low  profile  2"  x  4"  x 
0.4"  module  has  been  designed  to  provide  economical  solu¬ 
tions  to  a  wide  range  of  digital-to-analog  conversion  problems. 
Performance  specifications  include  5ps  settling  time  to  0.01%, 
±20pptn/  C  gain  temperature  coefficient,  and  ±VSLSB  lin¬ 
earity  error. 

The  design  of  the  DAC 1118  centers  around  the  ADS 50 
monolithic  quad  current  switches  and  a  hybrid  resistor 
assembly  consisting  of  matched  precision  resistors  and  a 
thick  film  network.  The  resistor  assembly  which  contains  all 
of  the  critical  gain  determining  resistors  and  the  quad  switches 
with  their  inherent  temperature  tracking  provide  die  DAC1 1 18 
with  excellent  performance  over  temperature. 

The  fully  DTL/TTL  compatible  DAC1118  can  be  provided 
with  a  variety  of  input  codes.  In  addition,  any  one  of  five 
voltage  output  ranges  can  be  programmed  by  means  of  ex¬ 
tern.;:  jumpers  connected  to  the  module's  terminal  pins. 


DIGITAL  INPUT  CHARACTERISTICS 
The  TTL/DTL  compatible  storage  register  contained  within 
the  DAC  1118  is  configured  during  production  to  accept 
either  Binary  (including  Offset  Binary),  Two's  Complement, 
or  BCD  code.  Digital  data  appearing  u  the  converter's  12  input 
terminals  Will  be  strobed  into  the  register  whenever  a  positive¬ 
going  transition’ is  applied  to  the  STROBE  input  (pin  22). 


With  the  STROP-F.  input  heiu  at  either  Logic  'V  or  Logic  “1", 
the  input  data  may  be  changed  without  affecting  either  the 
contents  of  the  register  or  the  output  of  the  convener.  The 
transfer  characters.  .:  of  the  DAC1 118  are  such  that  a  full 
scaledigital  input  (such  as  1111. .11  for  Binary  coded  units) 
will  result  in  a  positive  full  scale  voltage  output. 
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OUTPUT  CHARACTERISTICS 

The  12  binary-weighted  current  sources  which  form  the  basis 
of  the  ‘Ijgiial  to-analog  conversion  process  are  directly  con¬ 
trol!  <>y  the  digital  data  stored  in  the  input  register.  The 
combined  output  of  these  sources  is  applied  to  the  internal 
op  amp  summing  junction  to  produce  a  voltage  output  signal. 
By  connecting  jumpers  between  the  proper  module  pins, 
various  values  of  op  amp  feedback  resistance  and  thus,  out¬ 
put  voltage  ranges  can  be  selected. 

In  order  to  pioduce  bipolar  outputs,  the  current  input  to  the 
internal  op  amp  is  offset  by  ‘/i  Full  Scale.  This  offset  current 
is  generated  by  the  precision  internal  reference  source  and  is 
applied  to  the  op  amp  summing  junction  by  means  of  jumpers 
connected  to  appropriate  module  terminals. 
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DAC1J18  Block  Diagram 
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D/A  CONVERTERS  347 
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w*--  *|  T-m  f  r*V 


&  '  i  *■ 

i  v»  a  vi 


(*V,  kiil  •?  •*  .If  C  end  >3 ted  r?.p;f‘V  v# ■’  -  •-,  unless  * •  bitwise  specified) 


RESOLUTION  _ wans 


xUIGITAL  INPUTS 

ogic  Levels  — 

0V  <  Logic  "0"  <  0.8  V 

♦2  V  <  Logic  **1”  ^  +5V 

Data  Input  Load 

I  Standard  TTL  Load/Bit 

Strobe  Input  Load 

3  Standard  TTL  Loads 

Strobe  Pulse  Width 

20ns  (min) 

Data  Set-Up  Time 

20ns  (min) 

Data  Mold  Time 

5r»«  (min) 

INPUT  CODES 

Unipolar 

Binary,  BCD 

Bipolar 

Offset  Binary,  2's  Complement 

OUTPUT  RANGLS 

0to+5V  10mA 

Oto+lOV  @5raA 

12.5  V  »  10mA 

±5V  <8 10mA 

±10V  @  5  mA 

OUTPUT  IMPEDANCE 

0U2S1 

SETTLING  TIME 

Sps  to  0.01% 1 

Slewing  Kate 

20  V/;js 

LINEAR1T V  ERROR 

IttLSb  (,>;u) 

"1  EMPERAT  URL  COEFFICIENT 

Gain  * 

120ppm/*C  (IJOppm/* C  max) 

Zero 

Unipolar 

±30uV/°C  <±50jiV/°C  mix) 

Bipolar 

1  IOOjj  V/°C  (H30*iV/°C  max) 

Differential  Linearity 

*2ppin/*C  (ll0ppm/*C  max) 

TEMPERATURE  RANGE 

Opeiating 

•  0  to  *70"c 

Storage 

-S5°C  to  »IUU*C 

POWER  REQUIREMENTS 

♦  1 5V  15%  &  20mA  (25mA  u.ax) 

-15  V  15%  W  30mA  (45mA  max) 

♦3  V  ±J0%  i*‘  125inA  (171mA  max) 


POWER  SUPPLY  sensitivity1 
Gain 

Zero 

120ppni/%AVs  of  Reading3 
*5ppn»/%AVj  of  Range4 

'  DJUS 1MENTS 

'Jser  Provided) 

Gain  (lOOft.  20  Turn  Pot) 

±0.2%  of  Range 

Zero  (20ki),  20  Turn  Pot) 

±0.3%  of  Range 

‘  For  10V  urp. 

*  For  1 15V  «upph«*  ouly  with  ♦  15  V  awd  -  15  V  supplies  tst.cic.iftj. 

*  Heading  fur  bipolar  input  it  defined  u  I  Artual  Kendtnf  -  (-  F.S.)  I. 

*  Range  lor  uorpotai  operation  s  »  p.5.;  Range  lor  bipolar  operation  ■  2  (♦  fSJ. 
SpeedicaiKMia  aubjcct  to  change  without  notice. 


GAIN  AND  ZL. vt>  ADJUSTMENT 

For  units  uiili /ing  bipolar  codes  apply  the  digital  input  cor¬ 
responding  to  the  negative  full  scale  analog  output  and  idjust 
the  zero  pot  until  the  value  listed  is  obtained  with  ±1/10LSB. 
For  Unipolui  codes  apply  00  ...  0  and  adjust  for  OV  out. 


Cain  and  Zero  Pot  Connections 

For  ail  units,  once  the  appropriate  zero  adjustment  has  been 
made  apply  the  digital  input  corresponding  to  the  positive  full 
scale  .analog  output.  Adjust  the  gain  pot  until  the  value  listed 
is  obtained  vv ith in  il/lOLSB. 


OUTPUT  CONNECTIONS 


OUTPUT  RANGE 

PINS  JUMPE  RED  TOGET  HER 

Bipolar 

Offset 

Trcdhask  Resistance 

Bin  at)- 

BCD 

Biliary 

BCD 

♦  2.4V 

45. 4n 

47,42  43.45 

15.0V 

45. 46 

47,  42 

11(»V 

45.  46 

47,41  | 

0  to  *5 V 

46.  34 

46.34 

47.42  43.45 

47.  42 

U  to  +  10V 

46.  34 

46,  34 

47,42 

47.  43 

INPUT-OUTPUT  RELATIONSHIPS 

LiGU  AI.  INPUT 

|  NOMINAL  VOLT  ACE  OUTPUT 

0  to  +5  V 

Oto  +I0V 

Range 

Kingc 

Binary  Oide 

241111111111 

♦4.9988V 

♦9.9976V 

KHMMOOOOOOl 

+0.001 2  V 

♦0.0024V 

OOO'HHNMMMJOU 

0.0000V 

0.0000 V 

BCD  Code 

ltM»l  1  <  K>  1  lOOl 

+4  9950V 

♦9.9900V 

OOOU  tNNlO  0001 

+0.0050V 

♦O.OIOOV 

Id  WO  OoOU  0000 

!  u.oooov 

o.oooov 

OUTLINE  DIMENSIONS 
Dimensions  shown  in  inches  and  (mm). 


NOTE; 

T»mm«l  pins  in* tall  ad  only  in  thadad  hole 
I  neat  ions. 

Module  3  5  oonrsi  (99.3  grams) 

AH  pins  art  gc*bj  plat  ad  halt-hard  hraat. 
(MIL -G-45204).  0.019"  tO.OOl”  (0.48 
tQ  03mtn)  dm. 

For  plug  m  mounting  card  and  connector 
1  500  II  14.30mm)  x  3  ?50"  195  35mm) 

.  0  410"  ( 10  dlmm)  order  Board  No. 
AC4494 


Unipolar  Output 


l>H-n  M.  INPUT 

|  NOMINAL  VOLTAGE  OUTPUT 

12.5V 

±5  V 

±|0V 

Range 

Range 

Range 

1  wo's  (  (implement  Code 

Oil  1 1  III  1 1 1 1 

♦  2  4988  V 

♦4.9976V 

♦9.V951V 

(KXHXHMH  HUM) 

*0  0012V 

♦  0  18124V 

♦0  0048V 

OOOIXHh'OOOOO 

0  OOOOV 

(1  OOOOV 

O.tHHMlV 

loot*  moo*  woo 

1 

-2.5000V 

-5.CMMI0V 

-10  OOOOV 

Offset  llmar \  l,'mle 

iiiim  inn 

*2  4988V 

♦4  9976 V 

♦9  9951 V 

1  (M>  M  It  H  M  M  H 10 1 

0  0012V 

0  0024V 

0.0048  V’ 

1 00»  *00000000 

O.OOOOV 

O.OOOOV 

o.oooov 

UOUOOtHlOOOOO 

-2.5000V 

-5.0000  V 

-10. OOOOV 

Bipolar  Output 


ORDERING  Gl'IDF.: 

DAC 1118  -  xxx^ 

-  02)  (Binary,  Offset  Binary) 

- 025  (BCD) 

-  044  (2't  Complement) 
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The  SSM  MB64  represents  a  significant  advance  in  low-cost,  high-density, 
static  memory  boards.  It  incorporates  such  features  as  bank  select, 
extended  addressing,  diagnostic  LEl)s,  and  a  provision  for  battery  backup. 

The  MB64  is  configurable  as  two  32K  byte  bank-switched  memory  blocks,  or 
64K  bytes  of  memory  with  standard  or  extended  addressing.  The  M11C4  can  be 
disabled  in  2K  increments  by  the  use  of  a  Magic  Mapping”  circuit  to 
provide  memory  space  for  other  memory-mapped  devices  within  the  computer 
system.  This  board  is  equipped  to  sense  the  phantom  disable  line  to 
prevent  hardware  conflicts  with  auxiliary  system  boot  ROMs  on  another  6% 
compatible  board. 

Features : 

•  Two  32K  byte  memory  blocks 

•  Low  power  CMOS  RAM  chips  (11M6116P) 

•  High  speed  access,  approximately  150  nsec. 

•  Bank  switching  circuity  to  support  MP/M,  CKOillX,  OASIS,  etc. 

•  Extended  addressing  to  support  IEEE  696  producis 

•  LED  indicators  for  RAM  select  and  bank  select 

•  Low  power  consumption  of  less  than  300  rna  typical 

•  lip  to  8K  of  the  top  32K  can  be  replaced  with  EPROM  (2716  type)  on-board 

•  Card  ejectors 

•  Goldplated  PCB  edge  connector 

The  board  has  been  designed  to  conform  Lo  the  proposed  IEEE  696  standard. 


Magic  Mapping  is  a  trademark  of  SSM  Microcomputer  Products,  Inc. 

CROMIX  is  a  trademark  of  Croiu’mco,  280  Bernardc  Avcmip,  Mountain  View,  CA. 
OASIS  is  a  trademark  of  Phase  One  Systems,  7700  Edgewater  Drive,  Oakland,  CA . 
MP/M  is  a  tademark  of  Digital  Research,  P.0.  Box  579,  Pacific  Grove,  CA . 


This  section  provides  the  information  necessary  to  configure  the  MUG 4  to 
your  particular  application.  Section  2.9  provides  several  example  setups 
to  assist  you  in  performing  this  task.  Be  sure  to  also  read  Section  2.10, 
SWO  OPTION,  for  proper  read/write  operation  of  the  M BG 4  with  your  CPU. 

NOTE:  All  of  the  following  options  (except  BANK  BIT)  can  be  selected 
either  by  using  supplied  ui  in i- jumper s  or  wire-wrapping. 

2.1  MEMORY  AUDI!  ESS  INC 

The  MB64  is  divided  into  two  memory  blocks  of  32K  bytes  each.  Block-A  is 
physically  located  on  lire  left  half  of  the  board;  Block-!’,  is  physically 
located  on  the  right  half.  Refer  to  the  Memory  Map  in  the  APPENDIX  for 
the  address  location  of  each  memory  chip. 

Each  32K  block  can  be  addressed  to  either  the  lower  or  upper  portion  ol 
the  64K  memory  space.  Both  32K  blocks  can  be  addressed  to  the  same 
address  space  if  tbe  MB64's  Bank  Select  option  is  used  and  the  bank  bit 
for  each  block  is  different  (refer  to  Section  2.3). 


ADDRESS 

BLOCK-B 

BLOCK-A 

Upper  32K 

Lower  3°K 

Block  Disabled 

E17  to  El  3 
E18  to  E19 

El 8  open 

E20  Lo  E2I 
E21  to  E22 
E21  open 

2 . 2  EXTENDED  ADDRESSING 

The  MB6  4  is  designed  to  support  extended  addressing  (A16  thru  A  2  3 )  as 
defined  in  the  proposed  IEEE  696  standard.  This  will  allow  the  N11G4  to  be 
placed  on  any  64K  boundary  wilbin  a  maximum  memory  space  of  16  megabytes. 

The  Extended  Addressing  option  is  enabled  by  connecting  E26  to  E27  for 
Block-A,  and  E29  to  E30  for  Block-B. 

To  select  the  extended  address  range  which  will  enable  Lire  MB64,  jumpers 
will  be  either  installed  or  removed  on  the  the  header  KJ  thru  E16  listed 
below. 

Installing  a  jumper  will  provide  a  match  when  that  particular  address  line 
is  at  a  logic  zero  (low).  Removing  a  jumper  will  provide  a  match  when 
that  particular  address  line  is  at  a  logic  one  (high). 


-  m  n-yn  ■nr" 

wy . 

* 

Jumper  installed  *= 
Juiaj/er  removed  “  1 

’~w  J 

0 

v  ’ 

A23 

A22 

A21 

A20 

A19 

A18 

A17 

Al  6 

Ny  .-.y 

ADDRESS 

ADDRESS 

%y. 

(Hex) 

E9 

E10 

£11 

El  2 

E13 

K14 

El  5 

£16 

RAKE 

13 

El 

E2 

E3 

E4 

K5 

E6 

E7 

£8 

000000 

0 

0 

0 

0 

0 

0 

0 

0 

1st  64K 

oloooo 

0 

0 

0 

0 

0 

0 

0 

1 

2nd  64K 

«y/ 

020000 

0 

0 

0 

0 

0 

0 

1 

0 

3rd  64K 

030000 

0 

0 

0 

0 

0 

0 

1 

1 

4th  64K 

s 

040000 

0 

0 

0 

0 

0 

1 

0 

0 

5th  64K 

FE0000 

1 

1 

1 

1 

] 

1 

1 

0 

255th  64K 

FF0000 

1 

1 

1 

1 

1 

1 

1 

] 

256  th  64K 

y-y  « 

When  Extended  Addresing  is  selected,  Bank  Select  is  disabled;  therefore, 
Bank  Select  and  Extended  Addressing  are  not  possible  together  for  the 
same  memory  block. 


2.3  BANK  SELECT 


r* 


*  t-r 

.  ■  . 


To  extend  the  amount  of  memory  available  for  an  8-bit  CPU,  Bank  Select 
can  be  used  on  the  MBG4.  This  memory  management  technique  switches  in 
and  out  a  64K  bank  of  memory  by  writing  to  an  1/0  port.  Multiple  32K 
blocks,  on  one  or  more  MB64s,  can  be  addressed  Lo  the  same  address 
space,  but  only  ONE  block  will  be  active  at  a  time.  All  bank  control  is 
done  through  port  40  Hex  (or  41  Hex).  When  Bank  Select  is  selecLed, 
extended  addressing  is  disabled;  therefore,  bank  select  and  extended 
addressing  are  not  possible  together  on  the  same  memory  block. 


2.3.1  Bank  Select  Enable 


K.-'  ■. 

k.-'- 

L  -V 


The  two  32K  blocks  of  memory  on  the  MB64  can  be  individually  bank 
selected.  E26  thru  E28  controls  Block-A,  while  E29  thru  E31  controls 
BlockrB. 


OPTION 

BLOCK-A 

BLOCK-B 

Bank  Select' 

Extended  Addressing 
Neither  option 

E27  to  E28 

E26  to  E27 

E27  open 

E30  to  E31 
E29  to  E30 
K30  open 

2.3.2  Bank  Bit 


One  of  8  bits  sent  out  to  I/O  port  40  Hex  can  be  used  to  turn  on  (or 
off)  a  64K  bank  of  memory.  If  the  data  bit  sent  is  a  zero,  the  bank  is 
disabled.  If  the  data  bit  sent:  is  a  one,  the  bank  is  enabled. 


! 


£ 


V  ,  •  , 


'  '  •  '  ••  V  '  ’  V  J>~i  *  .*  * 

,  -  j-  y*  »*y*  *y<-  .**  .*•  '-.‘v % 

.  fc.-*.  Am  -  K.  .  — N»  —‘V  ilm. 


1 

3 

.  I 
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All  bank  bit  selection  is  through  a  1(»  pin  it!  lira- 


are  data  bits  0/  thru  i>0,  t  especlf  u  1  iy.  F  j. 
and  pLu  E38  &  E39  are  for  banking  Block-B. 


1  '•  lira  ■!■■  j  .  P  in  s  Eh  1  to  i.  , 
E40  is  for  banking  BJock-A, 


(07)  D6  05  04  03  0?  Dl  (00) 

E4I_ _ E  48 

oooooooo 

t  BLOCK  B  rBlOCK  A 

A  / 

o  o  o  o  o  o  o  o 

£38  f  £40 
E39 

BANK  BH _  (CAPER 

Connect  pins  E38,  E39  and  E40  to  the  data  bit  desired  by  soldering  a 
wire  on  the  IC  header.  If  only  one  bank  bil  is  used  for  Block  B,  you 
can  jumper  E38  to  E39.  Be  careful  that  pins  E41  thru  E48  DO  HOT  SHORT 
TOCKTtifiK.  Pins  E41  thru  E48  are  the  main  S-100  bus1  data  output  lines, 
and  shorting  them  together  may  cause  damage  to  other  boards  in  your  sys¬ 
tem. 

2.3.3  Power-Up  Stale 

In  a  bank  selected  memory  management  system,  one  of  the  memory  banks 
must  be  active  on  power-up  to  allow  normal  CPU  operation.  Each  block  on 
the  MBG4  can  be  set  up  to  be  enabled  or  disabled  on  reset  (bus  pin  /':■) 
of  Lhe  computer. 


POytK-UP  STATE 

Disabled 

Enabled 


BLOCK-A 

E35  to  E36 
E36  to  E37 


BLOCK-B 

E33  Lo  K34 
E32  lo  E33 


If  the  Bank  Select  option  is  used  on  Lhe  MBG4,  the  user  MUST  select  one 
of  the  Power-Up  options  for  each  block.  [NOTE:  Reset  must  be  generated 
on  power-up  of  the  computer  during  POC  per  l  lie  IEEE  G9G  standard. J 


EPROM  OPTION 

The  MB64  board  is  capable  of  supporting  up  to  four  2.7 1 6  EPROMs.  Four  IC 
sockets  (U7,  U14,  U21,  U28)  have  been  provided  with  a  jumper  option  to 
connect  Lhe  Vpp  (programming  pulse)  pin  on  the  EPROM  to  +5  volts.  The 
four  IC  sockets  are  addressed  as  the  top  8K  bytes  of  Block-B. 


Address 

RAM 

ROM 

1st  2K  of  8K 
2nd  2K  of  8K 
3rd  2K  of  8K 
4th  2K  of  8K 

EGO  to  E51 
E33  to  E54 
E56  Lo  E57 
EI>9  to  E60 

E49  to  E30 
E52  to  E53 
E35  to  LT>G 
E38  to  E!39 

1 

[Remember  that  there  are  NO  wait  cycles  generated  by  the  MBG4  foi  lhe 
EPROMs;  therefore,  the  board  cannot  be  run  any  faster  Ilian  the  EPROM's 
peed .  1 


PART 

CURRENT 

AVAILABLE 

SPEED 

STANDBY 

RKAD 

Intel 

2716 

25ma 

lOOma 

350ns  to 

(lOma  Typ.) 

(57oia  Typ.) 

6  50ns 

NEC 

UPD2716 

25ina 

100  ma 

450ns 

(lOrna  Typ.) 

(57ma  Typ.) 

Motorola 

MCM2716 

25ma 

lOOma 

250ns 

AMI 

S4716 

25ma 

1  OOma 

450ns 

Fuj itsu 

MBM2716 

2  5ma 

lOOma 

450ns 

Hitachi 

HN4G2716 

3  5ma 

1  OOma 

4  30  ns 

(21iaa  Typ.) 

(62ma  Typ.) 

National 

HMC27C16 

200ua 

30ma 

4  30ns  to 

(12ma  Typ.) 

6  30ns 

2.5  2K  MEMORY  DISABLE/HEHORY  ORGANIZATION 

The  MB6  4  board  is  equipped  w  i  t  h  a  special  Magic  Mapping  circuit  wlucli 
allows  the  board  to  be  disabled  in  2K  byte  increments  by  simply  removing 
the  appropriate  memory  IC.  This  allows  the  user  Lo  free  up  memory  space 
for  memory-mapped  devices  such  as  disk,  interfaces,  video  hoards,  genet  a l 
1/0,  ROM  boards,  etc. 

Magic  Mapping  relies  on  the  assumption  that  the  master  CPU  board  has 
external  pull-up  resistors  on  the  daLa  input  ( I> I. )  lines  or  the  computer 
system  has  a  terminated  bus.  The  pull-up  resistors  on  the  DI  bus  will 
force  the  bus  to  "FF"  Hex  state,  even  if  no  S-100  board  is  present. 
Therefore,  "FF"  does  not  have  to  be  transferred  from  the  memory  board  to 
the  data  input  bus.  The  code  "FF"  Hex  is  used  internally  by  the  MB64  to 
disable  the  ability  to  read  the  memory. 

To  determine  which  memory  chip  should  be  removed  for  a  particular  free 
address  space,  refer  to  tire  memory  location  map  in  tire  APPENDIX. 

If  the  user  want6  to  disable  Magic  Mapping  for  some  reason,  simply  remove 
IC  U44  (74LS30). 


2.6  BOARD  ENABLE  INDICATOR 

The  MB64  has  4  memory  state  indicators  at  the  top  >  dge  of  the  board.  Two 
indicators  show  whether  a  32K  block  of  memory  is  selected.  Two  indicators 
6how  whether  the  bank  for  a  block  is  enabled. 


If  tlir  MSG  A  is  te!  '  p  for  Bank  Select  (So-  :  '>n  ?.3)  ,  both  the  b  1 1  ■  ! 
(label:  ENA,ENB)  and  bank  LkD  (label  ki-il  A,*’!  K  Ji)  must  be  lit  to  read  or 
write  to  the  corresponding  32K  bytes  of  memory. 

2.7  BATTERY  CONNECTOR  Jl 

The  MB64  i6  set  up  for  a  future  battery  backup  piggyback  board  which  will 
interface  through  connector  Jl .  The  connector  Jl  is  used  for: 

.  Battery  power  input  (VBAT) 

.  Remote  MB64  enable/disable  (Sense) 

.  Off-board  logic  power  (+5V) 

.  Battery  charger  power  (+16V) 

.  General  purpose  power  (+8V) 

When  no  battery  backup  is  connected  to  the  MI164,  Jl  pin  5  to  pin  6  (sense) 
must  be  shorted  together  to  enable  the  MB64.  Also,  Jl  pin  3  to  in  4  must 
be  connected  to  supply  power  to  the  memory  chips  when  no  battery  power  is 
available. 


Jl 

y 

S 

l«] 

s 

Lil 

1 

JL 

jl 

a 

+  8v 

T 

+  16V 

T 

+  sv 

VQAT  SENSE 


BATTERY  CONNECTOR 


2. a  SETUP  FOR  CKOMIX 

The  MSG  4  can  be  set  up  to  support  the  "User  Memory"  requirements  of  the 
CROMIX  operating  system  by  Cromemco.  Under  CROMIX,  there  can  be  up  Lo  G 
user  memory  boards  of  64K  bytes  each.  CROMIX  requires  bank-switched 
memory,  with  the  upper  32K  residing  in  the  selected  user  space  and  also  in 
the  common  memory  bank  (number  7). 

The  HB64  i6  split  into  two  32K  banks  called  "A"  and  "B".  Bank-A  will  be 
addressed  to  low  memory  range,  while  Bank-B  will  be  addressed  to  the  upper 
32K  range.  Bank-B  has  two  bank  bit  inputs  ( E3  b  &  E39)  so  that  it  can  be 
switched  into  two  different  banks  per  CKOMIX.  First,  set  up  the  NBG4  for 
64K  with  bank  switching,  and  then  select  the  bank  bits  for  the  user  memory 
you  are  supporting.  Typical  setup  is  as  follows: 
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CONNECT 

CuAKENY 

E17  to  El  8 

Enable  upper  32K 

E21  to  E22 

Enable  lower  32K 

J 1 —3  lo  J 1  — A 

Enable  memory  power 

Jl-5  to  Jl-6 

Enable  MB64  (battery  chip  soled) 

E27  to  E 2 8 

Enable  Bank-A  uiode 

E30  to  E31 

Enable  llank-B  mode 

E39  to  i: AO 

Set  both  bank  biLs  the  same 

1.3 3  lo  E36 

Beset  llauk-A  to  OKI' 

K 3 3  lo  E34 

Beset  Bank-I!  lo  OFF 

i::* A  io  1.23 

Eli.,  bl  e  SWO  sip.nal 

r.38  to  i.4i 

Ena  Me  upper  3  2K  al  Bank  7 

Ilnur  Memory  Set  n p 


US  EH 

CONNECT 

CKOrllX  SIZE 

1  St 

E40  to  i;*' 7 

One  user  system 

2nd 

1.40  to  E4(. 

Two  "  " 

3rd 

E40  to  1.4  3 

Three  " 

4  Lll 

E40  t  1;44 

Four  "  " 

5th 

1140  to  i;43 

Five  "  " 

6  th 

E40  to  E42 

Six  "  " 

2.9  stanijak ij  setup 

In  this  section  we  will  try  to  show  some  st  aiiuard  <  » -n  1  inn  at  mois  l<i  i  ii< 
MB6 4 . 
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2.9.1  64K  memory,  no  options 


CONNECT 

COMMENT 

El  7  to  El  8 

Enable  upper  32K  bytes 

E21  to  E22 

Enable  lower  32K  bytes 

Jl-3  to  Jl-4 

Eimble  memory  power 

Jl-5  to  Jl-6 

Enable  MB64  (battery  chip  select) 

E35  to  E36 

Reset  Bank-A  (turn  off  LEU) 

E33  to  E34 

Reset  Bauk-B  (turn  off  l.Eb) 

F.50  to  E51 

Set  U28  as  RAM 

E53  to  F.54 

Set  H21  as  RAM 

F.56  to  E57 

Set  U14  as  RAM 

E59  to  E60 

Set  U7  as  RAM 

J- 1 1 
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2.9.2  6 OK  memory  with  t->p 


OOHHKBT 

E17  to  El  8 

Enable  upper  32K  bytes 

E21  to  E22 

Enable  lower  32K  bytes 

Jl-3  to  Jl-4 

Enable  memory  power 

Jl-5  to  Jl-6 

Enable  MB64  (battery  chip  select) 

E34  to  E36 

Reset  Bank-A  (turn  off  LED) 

E33  to  E34 

Reset  Bank-B  (turn  off  LED) 

E55  to  E56 

Set  U14  as  a  ROM  socket 

E58  to  E59 

Set  U7  as  a  ROM  socket 

E50  to  E51 

Set  U28  as  RAM 

E53  to  E54 

Set  U21  as  RAM 

Remove  U7  and  Ul4  RAM  chips.  Place  first  2K  of  EPROM  (2716)  into  socket 
U14.  Ul4's  socket  is  addressed  at  OFOQG  Hex.  Place  second  2K  of  EPROM 
into  socket  U7.  U7's  socket  is  addressed  al  OF800  Hex.  Remember  that 
the  CPU's  speed  cannot  be  any  greater  than  Lhe  access  time  of  the  on¬ 
board  EPROMs  unless  wait  states  can  be  preset  on  the  CPU  or  oLher  6  96 
memory  support  boards. 


2.9.3  Bottom  32K  banked  with  top  32K  master 


^QUSECT 

COMKEKT 

E17  to  E18 

Enable  upper  32K  bytes 

E21  to  E22 

Enable  lower  32K  bytes 

Jl-3  to  Jl-4 

Enable  memory  power 

Jl-5  to  Jl-6 

Enable  MB64  (batter  chip  select) 

E35  to  E36 

Reset  Bank-A 

E33  to  E34 

Reset  Bank-B  (turn  off  LED) 

E27  to  E28 

Enable  Bank-A  mode 

E40  to  * 

Select  bank  bit 

E50  to  E51 

Set  U28  as  RAM 

E53  to  E54 

Set  U21  as  RAM 

E56  to  E57 

Set  U14  as  RAM 

E59  to  E60 

Set  U7  as  RAM 

*  Select  bank  bit  per  Section  2.3.2. 


2.9.4  Two  32K  banks,  lower  address 


*  Select  bank  bit  per  Section  2.3.2. 


2.9.5  48K  banked  slave  memory 

16K  of  memory  (from  Block-B)  will  be  removed  from  the  MB64  to  make  il  a 
48K  only  board. 


CONNECT 


E17  to  El 8 
E21  to  E22 
Jl-3  to  Jl-4 
Jl-5  to  Jl-6 
E27  to  E28 
E30  to  E31 
E39  to  E40 
E38  to  E39 
E38  to  * 

E35  to  E36 
E33  to  E34 


Enable  upper  32K 

Enable  lower  32K 

Enable  memory  power 

Enable  MB64  (battery  chip  select) 

Enable  Bank-A  mode 

Enable  Bank-fi  mode 

Set  both  bank  bits  the  same 

Strap  up  used  input 

Select  bank  bit 

Reset  Bank-A  to  OFF 

Reset  Bank-B  to  OFF 


*  Select  bank  bit  per  Section  2.3.2. 

Remove  U6,  U7,  U13,  U14,  U20,  U21,  U28  and  U35  from  their  sockets.  This 
will  disable  the  top  16K  of  memory  with  the  help  of  Magic  Mapping. 


CONNECT 

COMMENT 

E17  to  El  8 

Enable  upper  32K 

E21  to  E22 

Enable  lower  32K 

Jl-3  to  Jl-4 

Enable  memory  power 

Jl-5  to  Jl-6 

Enable  MB64  (battery  chip  select) 

E35  to  E36 

Reset  Bank-A  LED 

E33  to  E34 

Reset  Bank-B  LED 

E26  to  E27 

Enable  extended  addressing  (A) 

E29  to  E30 

Enable  extended  addressing  (B) 

*El  thru  E16 

Select  extended  addressing  code 

E50  to  E51 

Set  U28  as  RAM 

E53  to  E54 

Set  U21  as  RAM 

E56  to  E57 

Set  U14  as  RAM 

E59  to  E60 

Set  U7  as  RAM 

*  See  Section  2.2  on  ExLended  Addressing. 


2.10  SWO  OPTION 

Some  of  the  S-100  CPUs,  and  most  of  the  IEEE  6%  CPUs,  are  equipped  with 
a  write  status  signal  ailed  SWO.  This  signal  can  be  used  by  the  MB64 
to  control  memory  writing  operations.  If  your  CPU  doesn't  have  this 
signal  or  the  timing  on  this  line  is  not  correct,  Lite  SWO  option  can  be 
disabled.  ae  sure  to  check  your  CPU  for  SWO  (bus  pin  97)  and  select  the 
appropriate  mode. 

•  Enable  SWO  for  writing:  Connect  E24  to  E25. 

•  Disable  SWO  for  writing:  Connect  E23  to  E24. 


RECOMMENDED  SETTING 


Model 

CPU 

Manufacturer 

Connect 

CB1 A 

80  80 

SSM 

E24  to  E23 

CB2 

Z-80 

SSM 

E24  Lo  E2b 

see 

Z-80 

Cromemco 

E24  lo  E2f> 

ZPU 

Z-80 

Cromemco 

E24  Lo  E25 

ZPB 

Z-80 

Nor thstar 

E23  to  E24 

Z-80 

Dyna byte 

E23  to  E24 

- 

80  80 

WAMECO 

E24  to  E25 

SBC-100 

Z-80 

SD  Systems 

E23  to  E24 

ZPU 

Z-80 

TDL 

E24  to  E25 

J 
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3.0  THEORY  GrSTATIOH 
3.1  32K  MEMORY  SELECT  PROM 


The  selection  of  32K  bytes  of  memory  is  controlled  by  a  256  x  4  PROM  which 
replaces  several  discrete  logic  ICs  by  acting  as  a  memor y-mapped  truth 
table  of  the  logic  functions  desired.  The  address  lines  and  chip  select 
pins  of  the  PROM  are  used  as  inputs  to  the  logic;  function,  while  the 
output  pins  equal  the  truth  table  solution. 

The  input  PROM  signals  are  as  follows: 

SINP  [bus  46]  *  PROM  chip  select  2  (E2) 

SOUT  [bus  45]  -  PROM  chip  select  1  (El) 


BANK -A  ENABLE  =  PROM,  address  A7 

BANK-B  ENABLE  -  "  "  A6 

NOT  ENABLE-A  =  "  "  A5 

NOT  ENABLE-B  -  "  "  A4 

MAGIC  MAPPING  -  "  "  A3 

SMEMR  [bus  pin  47]  =  "  "  A2 

PHANTOM  [bus  pin  67]  «  "  "  A1 

PDBIN  [bus  pin  78]  «  "  "  AO 


BANK-A  or  BANK-B  ENABLE  must  be  at  a  logic  one  to  activate  32K  of  memory 
on  the  MB64.  The  NOT  ENABLE  lines  are  used  to  select  the  lower  or  upper 
32K  block  of  memory  within  a  64K  boundary.  The  Magic  Mapping  line  must  be 
a  logic  one  to  enable  a  memory  read.  The  PHANTOM  line  (per  the  proposed 
IEEE  696  standard)  must  be  a  logic  one  to  read  from  or  write  into  memory. 

The  output  PROM  signals  are  as  follows: 

32K  SELECT-A  -  PROM  data  3 

32K  SELECT-B  -  "  ”2  : 

OUTPUT  ENABLE  -  "  "  1  1 

READ  ENABLE  -  "  "0 

The  32K  SELECT  line6  from  the  PROM  are  used  to  control  a  4-to-16  decoder 
which  drives  j^ixteen  2K  RAM  chips.  The  OUTPUT  ENABLE  line  from  the  PROM 
goes  to  the  OE  pin  on  each  RAM.  The  READ  ENABLE  line  from  the  PROM 
controls  a  tri-state  buffer  to  transfer  data  fiom  the  selected  memory  chip 
to  the  data  input  (Di)  bus  in  the  computer. 

To  select  a  32K  block  of  memory,  we  need  BANK  ENABLE  and  ADDRESS  (NOT 
ENABLE);  therefore: 

32K  BLOCK-A  -  BANK^A  ENABLE  and  not  NOT  ENABLE-A 
-  A7’A5 

32K  BLOCK-B  -  BANK-B  ENABLE  and  not  HOT  ENABLE-B 

■=  A6  *a4 

To  select  one  32K  block  that  does  nut  conflict  with  the  other  32K  block, 
both  conditions  MUST  NOT  be  true.  Also,  PHANTOM  disable  must  be  true  to 
select  anything. 
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ADDRESS 

(Hex) 

A7 

A6 

A5 

A4 

A3 

A2 

A1 

AO 

D3 

D2 

D1 

DO 

DATA 

(Uex) 

COMMENT 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

1 

F 

No  condition  met 

1 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

1 

1 

F 

2 

0 

0 

0 

0 

0 

0 

1 
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1 

1 

F 

3 

0 

0 

0 

0 

0 

0 

1 

1 

1 

1 
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0 

0 

0 

0 

0 
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0 
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1 

1 

1 
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6 

0 

0 

0 

0 

0 

1 

1 
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1 
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7 

0 

0 

0 

0 

0 

1 

1 

1 

1 

1 

1 

1 
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8 

0 

0 

0 

0 

1 

0 

0 

0 

1 

1 

1 

1 

F 

9 

0 

0 

0 

0 

1 

0 

0 

1 

1 

1 

1 

1 

F 

A 

0 

0 

0 

0 

1 

0 

1 

0 

1 

1 

1 

1 

F 

B 

0 

0 

0 

0 

1 

0 

1 

1 

1 

1 

1 

1 

F 

C 

0 

0 

0 

0 

1 

1 

0 

0 

1 

1 

1 

1 

F 

D 

0 

0 

0 

0 

1 

1 

0 

1 

1 

1 

1 

1 

F 

E 

0 

0 

0 

0 

1 

1 

1 

0 

1 

1 

1 

1 

F 

F 

0 

0 

0 

0 

1 

1 

1 

1 

1 

1 

1 

1 
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10 

0 

0 

0 

1 

0 

0 

0 

0 

1 

1 

1 

1 

F 

11 

0 

0 

0 

1 

0 

0 

0 

1 

1 

1 

1 

1 
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12 

0 

0 

0 

1 

0 

0 

1 

0 

1 

1 

1 

1 

F 

13 

0 

0 

0 

1 

0 

0 

1 

1 

1 

1 

1 

1 

F 

14 

0 

0 

0 

1 

0 

1 

0 

0 

1 

1 

1 

1 

F 

15 

0 

0 

0 

1 

0 

1 

0 

1 

1 

1 

1 

1 

F 

16 

0 

0 

0 

1 

0 

1 

1 

0 

1 

1 

1 

1 

F 

17 

0 

0 

0 

1 

0 

1 

1 

1 

1 

1 

1 

i 

F 

18 

0 

0 

0 

1 

1 

0 

0 

0 

1 

1 

A 

1 

1 

F 

19 

0 

0 

0 

1 

1 

0 

0 

1 

1 

1 

1 

1 
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1A 

0 

0 

0 

1 

1 

0 

1 

0 

1 

1 

1 

1 

F 

IB 

0 

0 

0 

1 

1 

0 

1 

1 

1 

1 

J 

F 

1C 

0 

0 

0 

1 

1 

1 

0 

0 

1 

1 

1 

1 

F 

ID 

0 

0 

0 

1 

1 

1 

0 

1 

1 

1 

1 

1 

F 

IE 

0 

0 

0 

1 

1 

1 

1 

0 

1 

1 

1 
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F 

IF 

0 

0 

0 

1 

1 
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1 

1 

1 

1 

1 

1 

F 

20 

0 

0 

1 

0 

0 

0 

0 

0 

1 

1 

1 

1 

F 

21 

0 

0 

1 

0 

0 

0 

0 

1 

1 

1 

1 

1 

F 

22 

0 

0 

1 

0 

0 

0 

1 

0 

1 

1 

1 

1 

F 

23 

0 

0 

1 

0 

0 

0 

1 

1 

1 

1 

1 

1 

F 

24 

0 

0 

1 

0 

0 

1 

0 

0 

1 

1 

1 

1 

F 

25 

0 

0 

1 

0 

0 

1 

0 

1 

1 

1 

1 
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26 

0 

0 

1 

0 

0 

1 

1 

0 

1 
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J 
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27 

0 

0 

1 

0 

0 

1 

1 

1 

1 

1 

1 

1 

F 

28 

0 

0 

1 

0 

1 

0 

0 

0 

1 

1 

1 

1 

F 

29 

0 

0 

1 

0 

1 

0 

0 

1 

1 

1 

1 

1 

F 

2A 

0 

0 

1 

0 

1 

0 

1 

0 

1 

1 

I 

1 

F 

2B 

0 

0 

1 

0 

1 

0 

1 

1 

1 

1 

1 

i 

F 

2C 

0 

0 

1 

0 

1 

1 

0 

0 

1 

1 

1 

1 

F 

2D 

0 

0 

1 

0 

1 

1 

0 

1 

1 

1 

1 

1 

F 

2E 

0 

0 

1 

0 

1 

1 

1 

0 

1 

1 

1 

1 

F 
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1 

0 

1 

1 
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1 

1 

1 

1 
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ADDRESS  -  "A 

(Hex  U  AT  A4  A3  A2  A*  AO  J>3  D2  »;u  U  *)  UfciriEMT 


30  0  0  1  1  0  0  0 

31  0  0  1  1  0  0  0 

32  0  0  1  1  0  0  1 

33  0  0  1  1  0  0  1 

34  0  0  1  1  0  1  0 

35  0  0  1  1  0  1  0 

36  0  0  1  1  0  1  1 

37  0  0  1  1  0  1  1 

38  0  0  1  1  1  0  0 

39  0  0  1  1  1  0  0 

3A  0  0  1110  1 

3B  0  0  1110  1 

3C  0  0  11110 

3D  0  0  11110 

3E  0  0  11111 

3F  0  0  11111 


0  1111  F 

1  1111  F 

0  1111  F 

1  1111  F 

0  1111  F 

1  1111  F 

0  1111  F 

1  1111  F 

0  1111  F 

1  1111  F 

0  1  1  1  1  F 

1  1111  F 

0  1111  F 

1  1111  F 

0  1111  F 

1  1111  F 


40 

41 

42 

43 

44 

45 

46 

47 

48 

49 
4A 
4B 
4C 
4D 
4E 
4F 


0  1  0  0  0  0  0 
0  1  0  0  0  0  0 
0  1  0  0  0  0  1 
0  1  0  0  0  0  1 
0  1  0  0  0  1  0 
0  1  0  0  0  1  0 
0  1  0  0  0  1  1 
0  1  0  0  0  1  1 
0  10  0  10  0 
0  10  0  10  0 
0  10  0  10  1 
0  1  0  0  1  0  1 
0  10  0  110 
0  10  0  110 
0  10  0  111 
0  10  0  111 


0  1111 
1  1  1  1  1 
0  10  11 
1  10  11 
0  110  1 
1  110  1 
0  10  0  1 
1  10  0  1 
0  1111 
1  1111 
0  10  11 
1  10  11 
0  110  1 
1  110  1 
0  10  0  1 
1  10  0  0 


F 

F 

1?  Writ*/  Block -15 

B  Write  Block-B 

D 
D 

9  Ready  to  read  B 

9  Ready  to  read  B 

F 
F 

B  Write  Block-B 

B  WriLe  Block-B 

D 
D 

9  Ready  to  read  B 

8  Read  Block-B 


50 

51 

52 

53 

54 

55 

56 

57 

58 

59 
5A 
5B 
5C 
5D 
5E 
5F 


0  1 
0  1 
0  1 
0  1 
0  1 
0  1 
0  1 
0  1 
0  1 
0  1 
0  1 
0  1 
0  1 
0  1 
0  1 
0  1 


0  1 
0  1 
0  1 
0  1 
0  1 
0  1 
0  1 
0  1 
0  1 
0  1 
0  1 
0  1 
0  1 
0  1 
0  1 
0  1 


0  0 
0  0 
0  0 
0  0 
0  1 
0  1 
0  1 
0  1 
1  0 
1  0 
1  0 
1  0 
1  1 
1  1 
1  1 
1  1 


0  0 
0  1 
1  0 
1  1 
0  0 
0  1 
1  0 
1  1 
0  0 
0  1 
1  0 
1  1 
0  0 
0  1 
1  0 
1  1 


1  1 
1  1 
1  1 
1  1 
1  1 
1  1 
1  1 
1  1 
1  1 
1  1 
1  1 
1  1 
1  1 
1  1 
1  1 
1  1 


1  1 
1  1 
1  1 
1  1 
1  1 
1  1 
1  1 
1  1 
1  1 
1  1 
1  1 
1  1 
1  1 
1  1 
1  1 
1  1 


F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 
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ADDRESS 

(Hex) 

A7  A6 

A5  A4  A3  A2  A1 

AO 

D3 

D2 

El 

D 

60 

0 

1 

1 

0 
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Memory  r.  ’.dress  selection  is  provided  by  jumpers  E17  thru  E22.  These 
jumpers  allow  the  user  to  select  the  lower  or  upper  32K  of  memory  within  a 
64K.  boundary  by  selecting  the  normal  or  inverted  state  of  the  A15  bus 
lice.  The  input  pins  A4  &  A5  must  be  a  logic  zero  to  enable  32K  of 
memory. 
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3.3  2K  MEMORY  DECODE 


After  the  input  conditions  are  met  on  the  PROM  per  Section  3.1,  one  of  the 
two  32!’  select  lines  (D3  or  D2)  goes  low,  enabling  a  4-to-16  decoder  IC 
(74LS154).  The  4-to-16  decoder  receives  address  lines  All  thru  A14  as  its 
input  and  therefore  will  decode  down  to  every  2K  memory  increment  within 
one  32K  boundary.  Each  of  the  16  outputs  of  the  74LS154  goes  to  the  chip 
select  pin  of  a  memory  IC  within  a  memory  block. 

The  4-to-16  decoder  has  two  enabling  pins.  While  one  enable  pin  goes  to 
32K  Select,  the  other  enable  pin  goe6  to  the  battery  back-up  connector  Jl. 
Jl,  pin  5,  is  used  by  the  battery  back-up  option  to  protect  the  data 
within  RAM  from  being  changed  while  on  battery  power.  Without  battery 
back-up,  this  pin  is  normally  grounded  tn  enable  the  4-to-16  decoder. 
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3.4  MAGIC  MAPPING’. 

Originally  incorporated  into  the  MB8A  in  1977,  the  Magic  Mapping  circuit 
allows  a  socket  on  the  memory  board  and  it6  supporting  circuitry  to  be 
disabled  by  simply  removing  the  IC  chip.  The  Magic  Mapping  circuit 
disables  the  tri-state  buffer  from  driving  the  data  input  ( DI )  bus  if  the 
memory  IC  is  removed.  Memory  space  (in  2K  increments)  can  be  made 
available  for  memory  mapped  video,  I/O,  diskB  or  ROM  boards  within  the  64K 
of  memory. 

Magic  Mapping  relies  on  the  assumption  that  the  master  CPU  board  ha6 
external  pull-up  resistors  on  the  DI  lines  or  the  computer  system  has  a 
terminated  bus.  The  pull-up  resistors  on  the  DI  bus  will  force  the  bus  to 
"FF"  Hex  state,  even  if  no  S-100’board  is  present.  Therefore,  "FF"  does 
not  have  to  be  transferred  from  the  memory  board  to  the  DI  bus. 

U44  (74LS30)  is  an  "FF"  detector  on  the  MB64.  If  an  addressed  memory  chip 
puts  out  any  Hex  code  except  FF,  then  U44  outputs  a  one  which  will  enable 
the  read  buffer  (U43).  If  "FF"  is  deteetd,  the  output  tri-state  buffer 
is  turned  off,  allowing  any  external  S-100  board  to  drive  the  DI  bus. 


Magic  Mapping  allows  for  an  entire  2K  memory  increment  to  be  available  for 
other  memory  boards  or  smaller  areas  by  filling  selected  areas  of  RAM  with 
"FF"  Hex.  , 
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3.5  EXTENDED  ADDRESSING 
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The  proposed  IEEE  696  standard  for  the  S-100  bus  has  added  8  additional 
address  lines,  A16  thru  A23,  for  up  to  16  megabytes  of  memory.  The  MB64 
has  an  on-board  8-bit  comparator  (U38)  which  can  be  set  to  enable/disable 
the  memory  per  the  state  of  the  extended  address  lines.  Input  lines  A6  & 
A7  of  U41  (PROM)  are  used  to  enable  or  disable  a  32K  block  of  memory  per 
the  equations  in  Section  3.1. 
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3.6  BANK  SELECT  CIRCUIT 


The  bank  select  function  is  driven  by  I/O  port  40  or  41  Hex.  This 
function  is  used  in  memory  management  schemes  to  provide  multiple  layers 
of  memory,  all  addressed  at  the  SAKE  address  space.  Each  banked  memory 
board  is  turned  on  or  off  by  the  memory  manager  software,  for  each  task  to 
be  executed,  as  scheduled  under  time  or  priority  interrupts. 

The  1/0  address  decoder  is  one  74LS683  (032)  comparator.  This  1C  puts  out 
a  negative  pulse^every  time  PWR,  SOUT,  and  A1  thru  A7  match  the  preset 
inputs  on  the  other  side  of  this  comparator.  Due  to  the  lack  of  suffi¬ 
cient  inputs  to  U32,  AO  was  not  sensed,  so  the  bank  port  address  is  40  Hex 
and  41  Hex. 
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The  bank  select  circuit  is  divided  into  two  banks  of  32K  each.  A  bit 
within  the  byte  sent  to  I/O  port  40  Hex  controls  the  activation  of  a  bank. 

To  save  the  user-selected  bit  for  continuous  bank  control,  a  flip-flop 
(U41)  is  used  for  storage.  The  bit  to  be  stored  is  selected  by  a  16-pin 
IC  header.  If  the  bit  sent  to  the  D-input  of  the  flip-flop  is  a  one,  then 
the  32K  block  is  enabled.  If  the  bit  sent  is  a  zero,  then  32K  is 
disabled. 

On  power  up  in  a  bank-selected  computer  system,  one  memory  bank  is  usually 
activated  as  the  master.  The  flip-flop  has  been  provided  with  jumper 
options  to  force  the  32K  block  ON  or  OFF  on  power-up  (POC)  or  reset. 
[■0TB:  The  proposed  IEEE  696  standard  requires  Reset  to  be  generated  when 
the  POC  bus  line  is  low.] 

Jumpering  E32  to  E34  (E35  to  E37)  connects  the  computer's  reset  signal  to  the 
set  input  or  clear  input  of  the  bank  flip-flop. 
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If  jumper  E32  to  E33  (or  E36  to  E37)  is  connected,  the  memory  block  that 
flip-flop  is  controlling  becomes  a  master  bank  on  reset.  If  jumper  E33  to 
E34  (or  E35  to  E36)  is  connected,  the  reset  signal  clears  the  "Q"  output 
of  the  flip-flop  and  that  memory  block. 


Two  bank  select  indicators  are  provided  on  the  MB64.  Each  flip-flop 
drives  a  LED  to  indicate  if  one  of  the  32K  bank  flip-flops  are  enabled. 


3.7  BATTERY  BACKUP 


The  MB64  is  provided  with  a  connector  labelled  Jl  for  an  optional  battery 
backup  circuit.  This  battery  option  can  maintain  power  to  the  memory 
chips  for  more  than  5  hours,  depending  on  the  memory  type  and  manufacturer 
used.  For  further  information,  please  contact  SSH  for  features  and  date 
of  availability. 


3.8  BUS  INTERFACE 


The  MB64's  memory  chips  are  isolated  from  the  S-100  bus  by  buffer  ICs 
(74LS244,  74LS125,  etc.)  or  general  logic  (74LS154,  82S129,  etc.). 


a. 

b. 

c. 

d. 

e. 

f. 
g- 

h. 

i. 
j* 

k. 

l. 
m. 


Address  lines  AO  thru  A7  are  buffered  by  U33  (74LS244). 

Address  lines  A8  thru  A10  are  buffered  by  U39  (74LS244). 

Address  lines  All  thru  A14  are  isolated  by  U31  &  U34  (74LS154). 
Address  line  A15  is  isolated  by  U40  (74LS368). 

Address  line6  A16  thru  A23  are  buffered  by  U38  (74LS688). 

Status  lines  SIMP  and  SOUT  are  isolated  by  U41  (82S129). 

The  status  line  for  memory  read  (SMEMR)  is  isolated  by  U41  (82S129). 
The  read  strobe  (PDBIN)  is  isolated  by  U41  (82S129). 

The  write  strobe  (PWR)  is  isolated  by  U32  &  U39  (74I.S688  6  74LS125). 
The  read/write  disable  line  (Phantom)  i6  isolated  by  U4  (82S129). 
The  status  line  for  writing  (SWO)  is  isolated  by  U39  (74LS125). 

The  memory  data  is  read  via  U43  (74LS244). 

The  memory  data  is  written  via  U45  (74LS244). 


The  data  buffer  used  during  a  read  operation  (U43)  is  controlled  by  the 
logic  truth  table  within  U41  (82S129)  and  issued  on  pin  12.  U41,  pin  12 

will  not  provide  a  chip  enable  to  U43  until  the  SMEMR,  PDBIN,  PHANTOM, 
A13,  SINP  and  SOUT  signals  are  in  the  correct  state  (see  Section  3.1). 
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The  data  buff"-  used  during  a  write  operation  (U45)  is  controlled  by  the 
buffer  gate  U39  (74LS125).  To  guarantee  that  the  data  is  still  present  on 
the  memory  chip  when  the  ftE  signal  goes  high,  the  write  line  (U39,  pin  11) 
drives  the  RAM  and  U45  directly.  (U45  provides  10  nanoseconds  or  greater 
delay  before  the  data  becomes  invalid  at  the  end  of  a  write  cycle  which  meet& 
the  manufacturer's  specification  of  0  nanoseconds  of  data  hold  time.) 


J 


/ 


4.0  MEMORY  TEST  PROGRAM 


Simple  Memory  Teat 
Written  by  Andrew  Schneider 
Modified  by  Malcolm  Wright 
Coyright  1977  by  SSM 

Set  "START"  to  the  starting  address  o£ 
memory  to  be  tested.  Set  "MEND"  to  the  last 
address  of  memory  to  be  checked. 

The  program  will  stop  (HALT)  when  complete 
or  if  an  error  was  found.  "GORB"  (good  or 
bad)  will  be  set  to  00H  for  good  memory  or 
to  the>byte  pattern  that  would  not  read  or 
write  correctly  into  memory.  "LAST"  is  the 
location  where  the  last  address  tested  will 
be  saved.  If  memory  is  good,  then  LAST^MEND. 


800  0  ■= 

BEGIN 

EQU 

8000 

;Start  of  program 

E000  - 

START 

EQU 

0000H 

jBeginniug  of  address 

E3FF  ** 

MEND 

EQU 

7FFFU 

•.Ending  address 

80u0 

ORG 

BEGIN 

8000  210000 

LXI 

H, START 

</  '  '•  <  *  i  '  '  ‘ 

8003  11FF7F 

LXI 

D.MEND 

//  •  i  ' 

8006  2B 

DCX 

H 

8007  23 

LOOP: 

INX 

H 

U<  :■  r 

8008  3E7F 

MV  I 

A.7FH 

{nl  1  I  ■  il  .;. 

800A  07 

CHECK: 

RLC 

800B  77 

MOV 

M,  A 

■  r  /■/'., 

800C  BE 

CMP 

M 

/  '  J  ' 

80 0D  C22080 

JNZ 

ERROR 

,  .  ’  t 

8010  B7 

ORA 

A 

i  j  , 

/ 

8011  FA0A80 

JM 

CHECK 

8014  7B 

MOV 

A,E 

8015  BD 

CMP 

L 

, 

8016  C  207  80 

JNZ 

LOOP 

'  (  1 

l  *  • 

8019  7 A 

MOV 

A,D 

/ 

801A  BC 

CMP 

H 

80 IB  C207  80 

JNZ 

LOOP 

801 E  3E00 

MV  I 

A,0 

8020  322780 

ERROR: 

STA 

GORB 

;If  using  an  1MSAI  front  panel 

jreplace  with  CMA 

;  OUT  0FFH 

;to  display  byte  on  front  panel. 

8023  222880 

SHLD 

LAST 

.  ,  1 

8026  76 

HLT 

8027  00 

GORB : 

DB 

0 

8028  0000 

LAST: 

DW 

0 

80 2 A 

END 
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Some  checkout  of  the  MB64  can  be  done  by  just  watching  the  LEDs  on  the 
board. 


5.1  BANK  SELECT  TEST 

If  you  have  another  memory  board  which  will  run  your  6y6tem,  you  can 
temporarily  disable  the  MB64  to  test  the  banking  circuitry. 

a.  Remove  jumpers  from  El 7  to  E22. 

b.  Make  a  test  header  for  E38  to  E48. 

Connect  E40  to  E48  (BitO) 

Connect  E39  to  E47  (Bitl) 

Connect  E38  to  E46  ( B it 2 ) 

c.  Run  the  following  routine  (clear  BANKS): 

ORG  100H 

100  AF  XRA  A  ;  SET  BANK  BYTE«=0 


ORG 

100H 

100 

AF 

XRA 

A 

101 

D3.40 

OUT 

40  H 

103 

C3.00.00 

JMP 

0 

All  LEDs  of  the  MB64  should  not  be  lit.  This  checks  both  halves  of 
1)42  for  a  zero. 

d.  Now  run: 

ORC  10011 

100  3E,01  MVI  A,1  ;  SET  BANK  BYTE«=1 

102  D3.40  OUT  40H  ;  SEND  BYTE 

104  C3.00.00  JMP  0  ;  GO  BACK  TO  CP/M 

Only  the  LED  labelled  BNKA  should  be  lit.  This  checks  one-half  of 
U42. 

e. '  Now  run: 

ORG  100H 

100  3E.02  MVI  A, 2  ;  SET  BANK  BYTE*=2 

102  D3.40  OUT  40U  ;  SEND  BYTl. 

104  C3.00.00  JMP  0  ;  GO  BACK  TO  CP/M 

Only  the  LED  labelled  BNKB  should  be  lit.  This  checks  the  other  half 
of  U42  and  one  input  of  U37. 

f.  Now  run: 

ORG  100H 

100  3E.04  MVI  A, 4  ;  SET  BANK  BYTE=4 

102  D3.40  OUT  40H  ;  SEND  BYTE 

104  C3.00.00  JMP  0  ;  GO  BACK  TO  CP/M 

Only  the  LED  labelled  BNKB  should  be  lit.  The  checks  the  other  input 
of  U37. 


'  *  ■  »  *.»  ■  ■  *  -  *  ■ 


I'/’-' >;• 


100 

3E,08 

ORG 

MV1 

i  Ouii 

A, 8 

y  SlaLi)v  i  UrtiibijJ  UANK 
;  SET  & AN*  BYTE=8 

102 

D3 ,40 

OUT 

40  il 

;  SEND  BYTE 

104 

03,00,00 

JMP 

0 

;  GO  BACK  TO  CP/M 

No  LEDs  on  the  MB64  should  be  lit. 


5.2  BANK  PRESET 

If  you  have  another  memory  board  which  will  run  your  system,  you  can 
temporarily  disable  the  M1364  to  Lest  the  banking  circuitry. 

a.  Remove  jumpers  from  E17  to  E22. 

b.  Install  jumpers  E35  to  E36  and  E33  to  E34. 

c.  Push  computer  Reset.  (DON'T  LET  THE  SYSTEM  BOOT.) 

No  LEDs  on  the  MB64  should  be  lit.  This  tests  the  reset  inputs  of 
U42 . 

d.  Install  jumpers  at  E36  to  E37  and  E32  to  E33  now. 

e.  Push  computer  Reset. 

Both  LEDs  on  the  MB64  labelled  BNKA  £■  BUKB  should  be  lit.  This  tests 
the  6et  inputs  of  U42. 

f.  Install  jumpers  at  E36  to  E37  and  E33  to  E34. 

g.  Push  computer  Reset. 

One  LED  on  the  MB64  labelled  BNKA  should  be  lit.  This  tests  that  the 
set/reset  inputs  are  not  shorted  between  the  halves  of  1)42. 

5.3  MEMORY  ADDRESSING 

If  the  MB64  is  set  up  in  one  of  the  many  standard  configurations  indicated 
in  Section  2.9,  the  LED's  ENA  or  ENB  should  be  flashing  dimly  as  the 
computer  accesses  the  board.  If  there  ace  no  jumpers  on  E17  thru  E22,  the 
MB64  cannot  be  read. 

By  enabling  half  of  the  MB64  (32K),  it  should  be  possible  to  run  user- 
defined  memory  tests.  Jumper  E18  to  to  test  memory  block  B  as  the 
first  32K  and  leave  E21  open.  Jumper  E21  to  E22  to  test  memory  block  A  as 
the  first  32K  and  leave  El8  open. 
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SSM  Microcomputer  Products,  Inc.  warrants  its  products  to  be  free  from 
defects  in  materials  and/or  workmanship  for  a  period  of  ninety  (90)  days  for 
kits  and  one  (11  year  for  factory  assembled  boards.  In  the  event  of 
malfunction  or  other  indication  of  failure  attributable  directly  to  faulty 
workmanship  and/or  material,  then,  upon  return  of  the  product  (postage  paid) 
to  SSM  at  2190  Paragon  Drive,  San  Jose,  CA  93131,  "Attention:  Warranty 
Claims  Department",  SSM  will,  at  its  option,  repair  or  replace  the  defective 
part  or  parts  to  restore  said  product  to  proper  operating  condition.  All 
such  repairs  and/or  replacements  shall  be  rendered  by  SSM  without  charge  for 
parts  or  labor  when  the  product  is  returned  wiLhiu  the  specified  period  of 
the  date  of  purchase.  This  warranty  applies  only  to  Lhe  original  purchaser. 

This  warranty  will  not  cover  the  failure  ui  SSM  products  which  at  the 
discretion  of  SSM  shall  have  resulted  from  accident,  abuse,  negligence, 
alteration,  or  misapplication  of  the  product.  While  every  effort  lias  been 
made  to  provide  clear  and  accurate  technical  information  on  the  application 
of  SSM  products,  SSM  assumes  no  liability  in  any  events  which  may  arise  from 
the  use  of  said  technical  information. 

This  warranty  is  in  lieu  of  all  other  warranties,  expressed  or  implied, 
including  warranties  of  mercantabil  ity  and  fitness  for  use.  In  no  event 
will  SSM  be  liable  for  incidental  and  consequential  damages  arising  from  or 
in  any  way  connected  with  the  use  of  its  products.  Some  staLes  do  noL  allow 
the  exclusion  or  limitation  of  incidental  or  consequential  damages,  so  the 
above  limitation  or  exclusion  may  not  apply  to  you. 

IMPORTANT:  Proof  of  purchase  is  necessary  for  products  returned  for  repair 
under  warranty.  Before  returning  any  product,  please  call  our  CusLomer 
Service  Department  for  a  return  author ization  number. 
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parts 

IC's 

32 

U1-U30,  35,  36 

HM6116P 

2K  x  8  CMOS  static  RAM  (150  ns) 

2 

U31  ,  34 

74LS154 

2 

U32,  38 

74LS688 

8-bit  comparator 

3 

U33 ,  43,  45 

74LS244 

1 

1139 

74LS125 

1 

U40 

74LS368 

1 

1)41 

82S129 

256  x  4  bipolar  PROM  (marked  HB64-LE) 

1 

U42 

74LS74 

1 

1(44 

74LS30 

1 

U37 

74LS32 

1 

VR1 

780  5 

+5V  voltage  regulator 

RESISTORS 

1 

R1 

10K  ohai  1/4W  5%  (brown,  black,  orange) 

5 

RP1  ,  2  ,  3  ,  4  ,  6 

2.7K  olua 

10-pin  SIP  resistor  network 

1 

KP5 

4.7K  olna 

10-pin  SIP  resistor  network 

1 

RP8 

2.7K  otun 

8-pin  SIP  resisLor  network 

I 

RP7 

IK  ohm  8- 

pin  SIP  resistor  network 

CAPA Cl 

TORS 

4 

Cl,  3,  13,  14 

4.7 

uf  DIP  tantalum 

27 

2,  4-10,  12,  15-32 

.1 

uf  monolithic  capacitor 

DIODES 

*t 

CR1-4 

LED 

Dia light  555-2007 

SOCKETS 

CONNECTORS 

4 

14-pin  sockets 

9  3x1  header  strips 

3 

16-pin  sockets 

1  0x1  header  strip 

5 

20-pin  sockets 

1  5x2  header  6trip 

34 

24-pin  sockets 

1  8x2  header  strip 

ii  a  :  dvare 

l 

#6  hardware  set 

l 

Small  heatsink 

2 

Card  ejectors 

19 

Mini- jumpers 

1 

MB64  PC  board 

1 

MB64  manual 

1 

Warranty  card 

1 

16-pin  IC  header 

if  ki  ii  &  l J6  zk  j  te  d  .  .  &u  % —  w  it  &  y  B  d 

2048  X  8  BIT  HIGH  c'EED  L  VATIC  C  MOS  RAM 


•  Single  SV  Supply  and  High  Densily  24  Pm  Package 

•  Highspeed  Fast  Access  Time  i?0ns/150ns/200ns  max 

•  l ow  Power  Standby  and  IOOmW  lyp  (Standi- r) 

Low  Powei  Operation  iSOmWtyp  (Operation) 

•  Cm:  •  tely  Static  RAM  No  clock  or  1  lining  Strobe  Ren 

•  Directly  T  IL  Compatible  AH  Inpul  and  Output 

•  Pm  Out  Compatible  with  Standard  16K  EPROM- MASK  ROM 

•  Equal  Access  and  Cycle  Tune 


FUNCTIONAL  BLOCK  DIAGRAM 

ao  o - c* 


Row  *  Memnry  MatiiK 
Decoder  *  128ft 28 


INDUSTRIAL  STANDARD 
24  pin  (0  6  width) 


(DP-24) 

PIN  ARRANGEMENT 


5  Column  I  O  _ 2  * 

Input  ]  | 

f),1a  Column  Dt*<  oti*r  I  \ 


;h'j j 


A  7  " 

AG  [5_ 

A1fi 

"L«i 
A3  |_J;  j 
a?|_u_ 
a  i  j  7 
Ao[_H 
I/O  l|_P 
i/o?[iu 
l/O.t  [i  i 
CNL>[  1 1 


/4j  vrc 
IT]  AB 

27\  A9 
/ij  WE 

5uj  of 

I9j  AID 

iSJcs 

Uj  l/OB 

Z£J'  07 

*0  J I  Ot, 
I^Jl'Ob 
nji  04 


ADSOLUTE  WAXIMU’  RATINGS 


Voltage  on  Any  Pin  Relative  to  (JM) 


Operating  Tenijietatuie 


Storage  Temperature 


Temperature  Under  Bias 


I’owrr  Dissipation 


NOTE  The  specifications  ot  this  device  are  subject  to  change  without  notice.  Piease  contact  your  nearest 
Hitachi  s  Sales  Ohice  regarding  specihcations 
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RECOMMENDED  DC  OPERATING  CONDITIONS  <0rC  *>  la  7<rO 


Parameter 


Suppl>  Voltage 


Input  High  (logic  I)  Voltage 


Input  Lou  (logic  0}  Voltage 


Symbol 

Min 

1  >p  ' 

Max 

4.5 

50 

5  5 

a  so 

0 

0 

0 

■  /« 

2.2 

\  s 

h0 

in 

•-I.0 

OK 

DC  AND  OPERATING  CHARACTERISTICS  (0  1 


Symbol 


i ///i 


Parameter 

Input  1  cakage  Current 


Output  Leakage  Current 


Opctating  Power  Supply 
Cut  rent.  DC 

Operating  Power  Supply 
Current  1  DC 


\seragc  Operating  Current’ 


Standby  Power  Supply 
Current  DC 


Standby  Power  Supply 
Current:1  DC 


Output  Low  Voltage 


Output  High  Voltage 


ilMMibP  >  P-4 
|  I  v p  '  Max 


10',.  (.  W>  tl\l 


t  P-4  | 

I  ..  I  l  nit 

j  Max  I 

|  III  I  n A 


10  I  H  A 
70  I  in  A 


NOTES  1  Typical  limits  are  at  Vqc  ~  5  0V.  Ta  •  25"C  and  specified  loading 

2  Reference  Only 

3  HM6116P-2  Iul  ~  4  0mA  HM61 16P-3  HMGU0P  4  l„L  •  2  ImA 


CAPACITANCE  t  !  •  -  2>’C.  f  =  1.0  MID)1 


Parameter 


Input  Capacitance 


Input  Output  C  apautance 


NOTE  I  This  parameter  is  sampled  and  not  100'o  tested 


•  AC  TEST  CONDITIONS 
Input  pulse  levels 
Input  rise  and  fall  times 
Input  and  output  timing  reference  levels 
Output  load 

(Including  scope  A  jig) 


Symbol 

_ Typ 

(is 

5 

('/<• 

5 

0  8V  to  2  4V 
10  ns 
t  5V 

I  TTL  Gale  a"d  C 


•Pulse  widllt  'Ons  DC 
I  u  min  0  tV 


lest  Conditions 
I,,  MAX 

|  I  ,v  <1  \  1 1  lo  1,1 

I  C  S  I  w  or  (It.  - 
I  I ,  „  ’  O \/Mo  I , , 
|  CS  l„. 

j  //  OmA 

l  1  <V.  I  „  '  <1 

//  <  Mil  A 

1 

I  MIN  exile  dots 


Conditions 
I  n  ’  (IV 
I,. i  IIV 


Address 


■  TIMING  WAVEFORM  OF  WRITE  CYCLE  NO.  2" 


NOTES  1 
2 

3 

4 

5 

6 

7 

8 
9 


WE  must  be  high  during  all  address  transitions 

A  write  occurs  during  the  overlap  (twe)  ol  a  low  CS  and  a  low  WE. 

twn  is  measured  Irom  the  earlier  ot  CS  or  WE  going  high  to  the  end  ol  wrilp  cycle 

Ounng  this  period.  UO  pins  are  in  the  output  stale  so  that  the  input  signals  ol  opposite  phase  to  the  outputs  must  not  be 
applied 

It  the  CS  low  transition  occurs  simultaneously  with  the  WE  low  transitions  or  alter  the  WE  transition,  output  remain  in  a 

high  impedance  stale 

OE  is  continuously  low  (OE  -  Yu) 

Oom  is  the  same  phase  ol  write  data  ol  this  write  cycle 
Ooo i  is  the  read  data  ol  next  address 

If  CS  is  low  during  this  period.  t/O  pms  are  in  the  output  state  Then  the  dtila  input  signals  ot  opposite  phase  to  the 
outputs  must  not  be  applied  to  them 


INTRODUCTION 


The  Imaginator  is  an  intelligent,  high  efficiency,  high  resolution  (504  hy  247  pixel) 
graphics  retrofit  unit  for  your  1  lea  th/Zenith  H/Z  IS  t-  .minal  and  ll/Z-89  computer. 

The  Imaginator  has  its  own  onboard  microeomputei  t .  perform  graphics  processing  in¬ 
dependent  of  the  host  computer.  This  reduces  the  bin  den  placed  on  the  host  processor 
and  therefore  improves  execution  speed. 

A  1 28  character  communications  buffer  further  improves  execution  speed.  This  buffer 
permits  the  terminal  and  the  host  computer  to  pevfo.  m  their  tasks  asynchronously. 

A  graphics  command  may  be  entered  by  typing  on  the  keyboard  when  the  terminal  is 
OFF-LINE  or  it  may  be  sent  via  RS-232C  from  the  ho:-!  computer  when  the  terminal  is 
ON-LINE. 

The  Imaginator ‘s  transparent  operation  leaves  ah  of  the  terminal's  normal  escape  func¬ 
tions  intact.  The  terminal's  normal  alphanumei.es  me  totally  independent  of  the  Im¬ 
aginator 's  graphics.  The  two  displays  can  be  ovi .  k  j.  t  ’  on  one  another  and  may  be  in¬ 
dividually  alLered  under  software  control.  Loth  aipmu.tiinrric  and  graphics  images  can 
be  created  in  memory  and  restrained  from  being  disp;  i.ved  on  the  screen.  Once  created 
they  can  be  displayed  instantaneously.  Alternatively,  the  images  may  be  displayed  as 
they  are  created. 

The  graphics  command  processor  (GCP)  can  be  invoked  to  accept  commands  in  either 
ASCII  or  BINARY  format.  ASCII  mode  has  the  advantage  of  easy  user  implementa¬ 
tion  of  the  graphics  command  language.  Ail  of  the  commands  can  be  directly  output  by 
high  level  language  programs  which  are  executed  in  the  host  computer  (e.g.,  PL/I,  FOR- 
TAN,  PASCAL,  BASIC,  and  of  course  ASSEMBLY  languages).  Standard,  off-the- 
shelf,  interpreters  and  compilers  are  all  that  are  required  (those  languages  need  not  have 
any  special  graphics  instructions).  No  machine  language  driver  programs  are  required. 

The  BINARY  mode  has  the  advantage  of  high  eifkiency  A  minimum  of  information 
must  be  sent  to  specify  an  operat  e  -  Again,  no  special  interpreters  or  compilers  are  re¬ 
quired  but  machine  language  drivers  are  suggests,  (ever,  these  are  nut  required)  for  effi¬ 
ciency. 

An  additional  memory-mapped  socket  is  provided  for  memory  expansion.  Up  to  16K  of 
E/P/ROM  can  be  mounted  and  addressed  by  the  GCP,  or  8K  ot  E/P/ROM  and  8K  of  R/YV 
RAM  can  be  used.  Custom  programs  can  be  downloaded  from  the  host  computer  into 
this  memory  for  fast  independent  execution. 
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EnterGraphicsMode 
MoveTo  (X,Y) 

PointAt  (X,Y) 

LineTo  (X,Y) 

AreaTo  (X,Y) 

PriLineStyle  (Z) 

30  Unique  styles 
SecLineStyle  (Z) 

30  Unique  styles 
LineType  (Z) 

On 

Off 

Complement 
Read  Bit 

Toggle  to  Alternate  LlneStyle  at  Boundary 
Read  Byte 
DisplayToggle  (Z) 

Enable/Disable  Graphics 
Enable/Disable  Alphanumerics 
Erase  Graphics 

or  any  of  the  eight  combinations 

BringlnProgram  (Z„,Z, . Z,j,) 

JumpToProgram 

EnitGraphicsMode 


Clo’Hand  Codonics,  Inc.  reserves  the  right  to  di^-v-ritinue  products  and  to  change 
spec!  si.ions  at  any  time  without  incurring  any  obligation  to  incorporate  new  features 
in  products  previously  sold. 
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HOST  COMMUNICATIONS 
REQUIREMENTS 


When  operating  at  high  baud  rates,  the  graphics  ter¬ 
minal  will  generally  lag  boh  1  the  host  if 

asked  toexecu'e  a  succession  of  commands  with  long 
execution  times  (e.g.,  Erase,  AreaTo,  and  LineTu 
commands).  The  Graphics  Command  Processor 
(GCP)  will  set  the  Request  To  Send  RS-232C  line 
false  when  the  terminal's  input  communications  buf¬ 
fer  is  nor.,  ly  full,  preventing  a  loss  of  data  resulting 
from  a  buffer  overflow.  (The  terminal's  bell  will  tone 
to  indicate  a  loss  of  data.)  The  GCP  will  reset  the  Re¬ 
quest  To  Send  line  true  when  the  buffer  is  ready  to 
receive  additional  data. 

Therefore,  it  is  important  that  the  host  computer  or 
MODEM  is  configured  to  respond  to  this  signal.  (The 
terminal  n  ds  no  modification  because  it  is 
manufactured  with  hardware  handshaking  capabil¬ 
ities)  A  true  RS-2C2C  configuration  will  work  fine, 
but  often  the  typical  RS-232C's  handshaking  por¬ 
tions  are  incomplete.  Pin  4  of  the  25-pin  “D"  connec¬ 
tor  on  the  trek  pant  of  the  terminal  is  the  Request 
To  Send  line  (dt-hned  as  Clear  To  Send  at  the  com- 
pt  '  ■"  end).  A  physical  wire  must  connect  the  ter¬ 
minal's  pin  4  with  the  computer's  (MODEM  s)  pin  4. 

The  UARTs  used  in  the  host's  RS-232C  serial  ports 
fall  in  two  catagories.  Some  UARTs,  such  as  the  IN¬ 
TER  p251  Universal  Synchronous  /  Asyncronous  Re- 
ceiver/Transmitler,  respond  directly  to  the  Clear  To 
Send  signal.  A  high  or  low  on  the  Clear  To  Send  line 
with  tills  type  of  U  ART  will  electronically  disable  or 
enable  transmissions  This  type  of  UART  requires  no 
further  modifications. 


The  othei  type  of  UART  has  a  software  flag  that 
represents  the  Clear  To  Send  signal.  Normally,  the 
computer's  operating  system's ilasic  Input/Output 
System  ;R10S)  is  responsible  for  interfacing  with  the 
serial  po.'l  hardware.  Generally,  the  HI  OS  will  check 
to  see  i;  the  transmitter  is  ready  (TxRDV)  before 
loading  t  bo  U  ART  wit  h  a  character  to  transmit  to  t  he 
termi.,  d  To  add  hardware  handshaking,  simply 
modify  tin'  RIOS  to  check  the  Clear  To  Send  flag 
also.  T|;m  i  .  make  sure  that  TxRIJV  AND  Clear  To 
Send  ....  ,  eth  true  before  loading  the  UART  with  a 
new  chu-.clei  to  transmit. 

W'ithout  this  hardware  handshaking,  it  is  the  pro¬ 
gram,!,  .  V  responsiblity  to  add  software  timing 
delay:  p:  event  a  buffer  overflow. 

Har  dv.  a.e  handshaking  will  in  no  way  detrimentally 
effect  the  operation  of  any  of  your  existing  programs. 
Software  handshaking  is  still  present  when  running 
the  terminal  in  its  standard  alphanumeric  mode. 
Assuming  that  the  process  executing  in  the  host 
computet  understands  ctrl-S  (stop  transmitter)  and 
ctrl-Q  ;.gui  I  transmitter),  it  is  possible  to  suspend 
graphic.;  piogratn  output  by  typing  a  ctrl-S  on  the 
keybomd,  when  the  terminal  is  on  line. 

The  CC.’  supports  only  one  directional  hardware 
handshaking  It  will  send  signals  to  control  the 
host's  serial  •  h.uinel  transmitter, but  will  not  respond 
to  signals  sent  to  the  terminal's  serial  channel 
transmit- 1  from  the  host. 


WELCOME 


Welcome  to  the  field  of  computer  graphics.  The  human  mind  is  the  greatest  known 
graphics  processor  in  existance.  Thoughts  can  be  in;  tantly  conveyed  by  means  of  a  pic¬ 
ture.  And  in  this  time  of  information  upheaval  giepi.ics  is  needed  more  than  ever  to 
enable  one  to  assimilate  it  all.  As  a  result  compute  ,  •  nphics  is  one  of  the  fastest  grow¬ 
ing  disciplines  in  computer  science. 

Try  typing  in  and  executing  the  following  demonstration  programs.  (We  are  assuming 
that  you  have  access  to  a  BASIC'  interpreter  or  compiler.) 

Note  that  the  Imaginator  is  assumed  to  he  installed  in  a  terminal  that  is  serving  os  the 
console. 

* 

In  case  of  error.  If  nothing  appears  to  happen  or  some!  Ping  very  strange  happens  once 
you  have  typed  the  RUN  command  give  the  tennin.d  a  hardware  reset  (right -SHIFT 
RESET)  followed  by  a  ctrl-C  (or  whatever  comma. a)  *;( . •; program  execution  in  your 
particular  version  of  BASIC ).  Type  LIST  and  then  d.-s!  -  check  the  program  for  typing 
errors. 


Enter  and  run  this  program  first 


DEMONSTRATION  I. 

00010  DEFINTX.Y 
00020  PRINT  CHR${27);‘T’ 

00030  PRINT  "10, N255.D3" 

00040  PRINT  “M";0;125 
00050  FOR  X  =  0  TO  500  STEP  2 
00060  Y  =  100‘SIN(X/13.27)  +  125 
0G070  PRINT  "l";X;Y 
00080  NEXT  X 
00090  PRINT  "D6,E" 

00100  STOP 
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Here'-',  another  one. 


DEMONSTRATION  2. 

00010  DEFINT  A-Z 

00020  PRINT  CHR$(27);"1" 

00030  PRINT  "D3, 12, N255” 

00040  FOR  J  =  1  TO  10 

00050  X  =  251 

00060  Y  =  126 

00070  PRIMT  "P";X;Y 

00080  FOR  1  =  0  TO  80  STEP  8 

00090  X  =  250-1 

00100  Y  =  125 

00110  PRINT  "L";X;Y 

00120  X  =  254 

00130  Y  =  121-1 

00140  PRINT  "L";X;Y 

C0 150  X  =  258  +  I 

00160  Y  =  125 

00170  PRINT  "L";X;Y 

00180  X  =  250 

00190  Y  =  133  +  1 

00200  PRINT  "L”;X;Y 

00210  NEXT  I 

00220  NEXT  J 

00230  PRINT  "D6,E" 

00240  STOP 


Too  simple?  Try  this  one  if  you  l.ave  some  time. 

This  program  requires  the  host  computer  to  calculate  over  30,000  coordinates  so  it 
takesquiteawhilctocomplete.su  this  program .  ..J  r  elax,  read  the  rest  of  the  User’s 

G  v.  : 


DEMONSTRATION  3. 

oooio  DirriNT  f,i,l,n,o,x,y 

00020  DIM  L(302) 

00030  PRINT  CHn$(27);’T’;"D3,N255,l0,MO,Q,  .5202 17,11" 

00040  FOR  1  =  0  TO  301 

00050  1(1)  =  0 

00060  NEXT  I 

00070  PRINT  "P050023" 

00080  OY  =  23 

00090  OX  =  50 

00100  FOR  Y  =  0  TO  100 

00110  FOR  X  =  0  TO  300 

00120  ZX  =  (X- 1 50)  *  (X- 1 50)/ 1 790. 5 

00130  ZY  =  (Y-50)*(Y-50)/199 

00140  Z  =  COS(ZX  +  ZY)/(SIN((ZX  +  ZY  +  48)/82)) 

00150  NX  =  X+  Y  +  50 
00160  NY  =  Y  +  Z  +  20 

00170  IF  F  =  1  THEN  PRINT  ’M’.NX.NY  :  F  =  0  :  CO  TO  200 


K-r> 


OOlflO  IF  NV  >  =  L(X  4  1)  THEN  PRINT  1  :v'.OX,OY;"L";NX,NY  .  GOTO  200 

00190  IF  NY  <  =  L(X  4  1)  THEN  L(X)  =  L(X  1/ :  GOT 0  210 

00200  l(X)=  NY 

00210  OX  =  NX 

00220  OY  =  NY 

00230  NEXT  X 

00240  F  =  1 

00250  NEXTY 

00260  PRINT ‘'06lE'• 

00270  STOP 


<• 


COMPUTER  GRAPHICS  BASICS 

This  is  an  introduction  to  the  general  concepts  of 
computer  graphics  for  those  who  may  be  unfamiliar 
with  the  field.  Basically,  a  graphics  terminal  in  its 
simphst  form  need  only  execute  two  commands: 
MoveTo(X.Y)  and  LuneTu'X.Y).  A  superset  of  com¬ 
mands  can  be  formed  from  these  two  primitives. 

Consider  for  the  moment  a  hardcopy  XY  plotter.  The 
MoveTo(X,.Y,)  command  in  this  case  will  lift  the  pen 
off  the  paper  and  move  it  to  the  absolute  coordinate 
(X,,Y,).  The  LineTolXj.Yj)  command  will  drop  the 
pen  onto  the  paper  and  move  it  in  a  straight  line  to 
the  r!  olute  coordinate  (X„Y,)  (i.e.,  it  would  draw  a 
line  segment  from  (X,,Y,)  to  (XS,Y,)). 

In  a  CRT  style  graphics  terminal  the  commands 
would  be  executed  in  a  similar  manner.  The 
MoveTo(X,.Y,)  command  will  move  a  virtual  pointer 
to  the  absolute  screen  coordinate  (X„Y,).  Nothing  is 
written  the  screen.  The  LineTi  command 

writes  a  s'  "eight  hoe  on  the  screen  !  m  the  a*  "'hile 
coordinate  tX,. Y,)  to  the  absolut-'  ./idir.ate  \.m,Y,| 
by  turning  on  the  appropriate  pixels  (picture  ele¬ 
ments).  Almost  any  geometrical  shape  can  be  created 
by  a  quence  of  MoveTo  and  T.h  .0T0  commands 
(e  g.,  a  circle  can  be  approximated  by  a  many  sided 
polygon).  Several  other  primitive  utility  commands 
are  convenient,  such  as  some  means  to  erase  the 
screen  and  a  command  to  reinitialize  the  graphics 
terminal.  To  take  some  of  the  burden  from  the  ap¬ 
plications  programmer,  this  primitive instrue'  (onset 
is  usually  expanded. 

IMAGINATOR  SPECIFICS 

The  graphics  screen  memory  is  composed  of  1. '11072 
bit  arranged  in  a  512  by  25G  array  (although  only  504 


by  247  aie  user  accessible  and  displayed).  The 
positive  M  axis  (horizontal  axis)  originates  at  the  left 
of  the  screen  and  terminates  at  the  right.  The 
positive  Y  axis  (vertical  axis)  originates  at  the  bot¬ 
tom  o.  Cii,  sci  ee»  and  ends  at  the  top.  Therefore,  the 
origin  ((i,0)  is  located  at  the  lower  left  of  the  screen. 
Since  the  alphanumeric  screen  is  80  characters  wide 
and  the  graphics  screen  is  63  characters  wide,  the 
graphics  screen's  left  starts  at  the  alphanumeric's 
9th  cl.aiacter  position. 

To  vie.v  the  entire  graphics  screen,  enable  the  25th 
line,  E3C  x  1  (  ESC  [  1  h  if  in  ANSI  inode). 

When  tlie  lei  initial  is  reset,  either  when  powered  up,  a 
key  boa  id  leset  right  SHIFT-RESET  ,  or  a  software 
reset  ESC  z  (  ESC  [  z  if  in  ANSI  mode)  the  terminal 
will  perform  as  though  it  were  unmodified.  It  will  ex¬ 
ecute  all  of  the  escape  functions  it  did  before  the  addi¬ 
tion  of  the  lmnginator— the  functional  existence  of 
the  Iinaginator  is  transparent  to  the  user.  (At  this 
time  thegiaph'ic's  video  HAM  will  be  cleared,  and  the 
line  t-  pe  will  be  ON;  the  primary  line  style  will  be 
solid,  the  secondary  line  style  will  be  blank,  and  the 
viri  •  pointer  will  be  assigned  as  (0,0).) 

Tu  inv  he  the  graphics  command  processor  (CiCl’), 
an  “isniei t  IraphicMode"  escape  sequence  is  re¬ 
quired.  (When  graphics  <*■  "Kntert  iraphics  Mode"  is 
refe.  iu  in  this  manual  it  should  he  connoted  as  a 
reference  to  the  capabilities  of  the  lmnginator,  not 
the  33  special  symbols  stored  in  the  terminal's 
character  generator.) 

The  GO'  can  be  invoked  to  accept  commands  in 
either  /•  t  il  mode  or  as  seven  bit  binary  words 
(BINARY  inode).  Both  forms  o$  each  command  will 
be  accompanied  by  a  functional  description. 
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A  command  may  be  entered  either  by  typing  on  the 
keyboard  when  the  terminal  is  OFF  LINE  or  it  may 
be  sent  via  RS-232C  from  the  host  computer  when 
'  the  terminal  is  ON  LINE. 

There  is  no  good  way  to  abort  a  command  midway 
(e.g.,  delete  and  backspace  won't  erase  a  command). 
Obviously,  a  keyboard  reset  right  SHIFT-RESET  is 
one  way  to  clear  a  half-created  command,  but  is 
rather  drastic.  The  GCP  expects  to  receive  com¬ 
mands  and  data  in  certain  fixed  sequences;  once  a 
command  sequence  is  started  it  must  be  completed. 


i  *3 ’  *v * v  fgfuw yp? r.1  yjvrvw.1 
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COMMAND  FORM  AND 
FUNCTION,  ASCII 


ASCII  COMMAND  FORMATS 


A  complete  description  of  the  form  and  function  of  ca-  h  rnrmnand  follows. 

Upper  case  characters  A,B,C,D.E,F,G,JI.I,J,K.LAi,n,:-. I’  represent  commands  (9ome 
of  these  ore  unassigned). 

X  represents  the  cbsolute'hbrizoiital  cooi  diiiate.  il  rmr.l  be  an  integer  between  0  and 
999  inclusively,  although  it  will  be  truncated  to  503  i.'  .1  cater  than  503. 

Y  represents  the  absolutcVertica!  coordinate.  It  I  ■  >1  integer  between  0  and  999 
inclusively,  although  it  will  be  truncated  to  246  il  t.as  a  that  246. 

Z  represents  an  operand.  It  must  be  an  integer  between  r‘  and  999  inclusively. 

|opt.  delimj  represents  an  optional  delimiter.  A  delirni!  '-r  here  is  not  required  but  may  be 
included.  If  ir.cluded.it  may  be  any  number  of  ASCII  characters  except  the  charac¬ 
ters  0,l,2,3.4,5,6,7,d,; 

(deiimi  represents  a  |J -limiter.  A  delimiter  here  is  mandatory  unless  three  consecutive 
numerals  preceed  it! a  delimiter  is  automatically  assumed  after  a  three  digit  number;  ad¬ 
ditional  delimiters  are  options':  The  delimiter  may  he  any  ASCII  character  except 
O.I.2.3.4.5.6.7.S.9. 


K-9 


1 


1 


r 


I 

I 


j 

1 

f 

i 

I 

i 


It  will  be  assumed  in  the  remain  !  r  of  this  inm:  .1  that  tlie  language  BASIC  is 
understood  by  the  reader.  Howev  er,  only  the  moot .  udnnentary  of  BASIC  commands 
will  be  used  to  prevent  undue  confusion  to  a  novice. 

The  following  examples  illustrate  a  typical  command  format: 

A  Point  At  command:  P  |opt.  deiimj  X  Idcii.nl  Y  [dellrr;  m.t  y  be  created  in  BASIC  as: 


PRINT  “P”;X;Y  The  space  will  serve  as  th>:  delimiter. 

or 

PRINT  "P",X,Y  The  tab  will  serve  as  the  delimiter,  (rmte  that  in  some  BASICs  a 

tab  may  be  represented  as  a  series  of  spaces.  This  format  would 
then  be  inetfkient.) 

or 

PRINT  "P"  The  carriage  return/line  feed  .  ill  serve  as  the  delimiter. 

PRINT  X 

PRINT  Y 

or 

If  X  and  Y  are  constants  such  as  X  =  2G  and  Y=39 

PRINT  "P";25;39  The  space  will  again  serve  ar,  t!.e  delimiter. 

or 

PRINT  '‘P025039''  The  leading  zeros  create  three  digit  numbers  so  the  delimiter  is 
automatically  inserted. 
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EnterGraphicsMode,  ASCII 


Command  form:  ESC  1 


Command  function: 

This  command  signals  the  GCP  to  interpret  all  future  information  as  graphics  com¬ 
mand/data.  No  graphics  attributes  are  reinitialized  Commands  and  data  will  now  be 
assumed  to  consist  of  the  ASCII  characters  A.8,C.D.E,I\G,H,I,J,K,L,M,N,0,P  and 
0,1, 2, 3, 4.5,6, 7,8,9  respectively.  ASCI  I  mode  has  the  advantage  of  easy  user  implementa¬ 
tion  of  the  graphics  command  language.  All  of  the  commands  can  be  directly  output  by- 
high  level  language  programs  which  are  executed  in  the  host  computer.  No  machine 
language  driver  programs  are  required.  The  ASCI  i  mode  has  the  disadvantage  of  ineffi¬ 
ciency.  On  the  average,  twice  as  many  characters  must  be  sent  to  the  terminal  than  in 
binary  mode  to  perform  the  same  operation.  The  disadvantage  would  be  most  evident 
when  communications  speed,  rather  than  vector  drawing  speed  or  host  processor  speed, 
is  the  effective  bottleneck. 


EXAMPLE: 


10  PRINT  CHR$(27);"1" 


MoveTo  (X,Y),  ASCII 


Command  form:  M  (opt.  delim)  X  Ideilml  Y  Ideilmj 


Command  function: 

Thy  virtual  pointer  is  assigned  the  absolute  coordinate  (X.Y).  Nothing  is  written  to  the 
screen  nor  can  it  be  interrogated. 


EXAMPLE:  10  DEFINT  X,Y 


20  X  =  25 

30  Y  =  210 

40  PRINT  “M";X;Y 


\j 


PointAt  (X,Y),  ASCII 


Command  form:  P  |opt.  dtlim]  X  |dviim|  Y  |drlim| 


Command  function: 

The  virtual  pointer  is  assigned  the  absolute  coordinate  (X.Y).  The  Pattern  byte  (see  the 
LineSt.vle  commands)  is  rotated  one  position;  if  the  carry  contains  a  0,  the  command  is 
treated  as  a  MoveTo,  command.  If  the  carry  contains  a  1,  the  pixel  is  interacted  with  ac¬ 
cording  to  the  pending  line  type  (see  LineType  command). 


EXAMPLE:  10  DEFINT  X,Y 


20  X  =  25 
30  Y  =  210 
40  PRINT  "P”;X;Y 


I 
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LineTo  (X,Y),  ASCII 


Command  form:  L  [opt.  d«Um|  X  [dtUaJ  Y  (delim) 


Command  function: 

A  line  is  drawn  from,  but  not  including,  the  virtual  pointer's  currently  assigned  absolute 
coordinate  to  the  absolute  coordinate  (X,  Y).  The  line  drawn  is  subject  to  the  current  line 
style  and  line  type  attributes.  This  command  will  emulate  a  MoveTo  command  if  the 
line  style  is  00000000  (execution  time  will  be  considerably  longer  however).  At  the  com¬ 
pletion  of  this  command, the  virtual  pointer  is  assigned  the  absolute  coordinate  (X.Y). 


EXAMPLE:  10  DEFINT  X,Y 


20  X  =  25 
30  Y  =  210 
40  PRINT  "L";X;Y 


AreaTo  (X,Y),  ASCII 


Command  form:  A  (opt.  delimj  X  |d«iim]  Y  |d«iim| 


Command  function: 

The  area  inside  a  regular  rectangle  is  filled.  The  rectangle  is  defined  as  having  the  virtual 
pointer’s  currently  assigned  absolute  address  as  one  vei  lice  and  the  absolute  coordinate 
(X.Y)  as  the  diagonally  opposite  vertice.  Starting  i.t,  hat  not  including,  the  virtual 
pointer's  currently  assigned  absolute  coordinate. a  horizontal  line  is  drawn  to  the  op¬ 
posite  side  of  the  rectangle.  When  possible,  a  second  line  starting  at  the  original  side  of 
the  rectangle  is  drawn  adjacent  to  the  first  line  (a  rectangle  with  a  height  of  1  will  only 
accept  one  line).  This  procedure  is  repeated  until  the  r<  •  ;„r.gle  is  filled.  The  line  drawn  is 
subject  to  the  current  line  style  and  line  type  attributes.  This  command  will  behave  as  a 
MoveTo  command  if  the  line  style  is  00000000  (execution  time  will  be  considerably 
longer  however).  At  the  completion  of  this  command  the  virtual  pointer  is  assigned  the 
absolute  coordinate  (X.Y). 


EXAMPLE: 


10  DEFINTX.Y 


20  X  =  25 
30  Y  =  210 
40  PRINT  ‘‘A";X;Y 


PriLineStyle  (Z),  ASCII 


Command  form:  N  [opt.  delim)  Z  [deliml 

Where:  Zfs'a  number  between  0  and  999  inclusively.  This  number  is  converted  to  binary 
format  whose  leaSt§i£hific'ant‘8  bits  are  used  to  d  line  the  Primary  Pattern. 


Command  function: 


This  command  permits  dashed  or  Jutted  lines  to  be  automatically  generated  by  the 

GCP. 


Preceeding  any  write  to  the  graphics  display,  the  p  'nding  Pattern  byte  is  rotated  one 
position.  The  least  significant  bit  is  rotated  into  the  carry  and  i9  used  to  determine 
whether  screen  interaction  is  permitted  or  not.  A  logical  1  in  the  Pattern  represents  per- 
SmiS'sfoirtd'iriteractwith'the  pixel;  a  0  disables  i:der^tion.  The  pending  Pattern  byte  is 
then  updated  with  the  new  rotated  pattern.  TL.  -ot  significant  bit  is  the  first  to  be 
tested  to  determine  if  interaction  should  occur.  The:  -’fore,  the  eight  bit  line  style  pattern 
is  rep  "itively  traced  to  „he  screen  when  drawing  a  line. 


ROTATION 


- ^ - 
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*■  CARRY 


PATTERN  BYTE 


The  LineStyle  and  LineType  commands  are  tota'  a'j  HI'  *0  pendent  of  one  another.  The  line 
style  will  equally  effect  any  line  type  attribute  (ex*  cot  HEAD  BIT  and  HEAD  BYTE). 
For  instance,  a  line  drawn  with  a  10101010  line  :Ayie  and  a  complement  line  type  will 
complement  every  other  pixel. 

When  short  line  segments  are  used  to  construct  lung  lines  (e.g.,  curves),  they  should  be. 
sent  in  a  consecutive  order.  There  is  no  guarantee  tic  t  a  line  segment  patched  into  the 
middle  of  an  existing  line  will  have  a  perfectly  matched  line  style  sequence.  Of  course,  it 
is  possible  to  reset  the  sequence  by  executing  another  LineStyle  command. 

Thetxmding  line  style  pattern  is  Jways  reset  to  Primary  when  entering  any  graphics 
command. 

Any  portion  of  the  graphics  display  may  be  select:  ■  erased  by  executing  an  AreaTo 

command  with  a  line  style  of  llllilll  and  an  OFF  line  type. 


EXAMPLE: 


10  PRINT  "N255” 


SecLineStyle  (Z),  ASCII 


Command  form:  O  (opt.  delim|  Z  |dc!im| 

Where:  Z  is  a  number  between  0  and  999  inclusively.  Thin  number  is  converted  to  binary 
format  whose  least  significant  8  bits  aie  used  to  dv-fine  the  Secondary  Pattern. 


Command  function: 

Identical  to  PriLineStyle  (Z).  ASCII 


EXAMPLE: 


10  PRINT  "0170" 


?0 


LineType  (Z),  ASCII 


Command  form:  I  |opt.  delim|  Z  (delim) 

Where:  2 _ PIXEL  action _ 

:o~  on 

’  T.:  OFF 

COMPLEMENT „ 

’3;'  READ  BIT  f 

14:  TOGGLE  TO  ALTERNATE  LINESTYLE  AT  BOUNDARY 

"5^  fl£y40  BYTE 


Command  function: 

This  command  sets  the  type  of  line  to  be  drawn.  (Molt,  that  a  point  is  considered  a  short 
line  and  an  area  is  considered  a  long  line).  Consider  each  pixel  of  the  line  individually  for 
now. 

The  different  line  types  are  explained  below. 

ON— the  pixel  is  turned  on. 

r# 

OFF— the  pixel  is  turned  off  (i.e.,  erased). 

COMPLEMENT— the  pixel  is  complemented  (i.e.,  the  pixel  is  turned  on  if  it  was  off  and 
it  is  turned  off  if  it  was  on). 

i 

READ  BIT— The  pixel  is  interrogated  to  delcnm  ie  whether  it  is  on  or  off  but  is  not 
otherwise  effected.  An  ASCII  0  or  I  followed  by  a  carriage  return  is  transmitted  to  the 
host  computer  for  a  pixel  that  is  respectively  of:  or  on. 

This  line  type  has  some  special  restrictions. 

This  line  type  can  only  be  used  in  conjunction  whh  a  TointAt  command.  LineTo  and 
AreaTo  commands  will  imitate  a  MoveTo  command. 

Note  that  if  the  terminal  is  OFF  LINE  this  ntliibnU*  will  perform  no  function  except 
that  the  PointAt,  LineTo,  or  AreaTo  command  will  ..ct  as  a  MoveTo  command. 

The  line  style  will  act  as  if  it  were  set  to  solid  (1 1 1 1 1 1 1 1)  regardless  of  its  actual  value. 
(See  LineStyle  command).  This  is  to  prevent  the  ho  d  computer  from  getting  trapped  in 
an  eternal  wait  loop  for  a  terminal  response  if  the  line  style  contains  a  0. 

The  process  executing  in  the  host  computer  that  is  responsible  for  reading  the  data  sent 
by  the  terminal  must  be  fast  enough  to  keep  pace.  The  terminal  will  transnvt  the  data  as 
fast  as  the  baud  rate  selected  will  permit. 
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It  is  important  that  the  host  computer  does  not  echo  the  terminal  response  (0  or  1  fol¬ 
lowed  by  a  carriage  return)  back  to  the  terminal.  An  echoed  response  will  be  treated  by 
the  GCP  as  conunand/data  information.  (This  is  really  only  true  if  the  GCP  is  in 
BINARY  mode, because  in  ASCII  mode  the  0  or  i  ..dl  b.-  received  when  the  GCP  is  ex¬ 
pecting  an  opcode  (A— P)  and  will  therefore  be  assumed  to  be  a  delimiter.)  See  the  Ex¬ 
amples  section  of  this  manual  to  see  how  tliis  can  :>e  implemented. 

TOGGLE  TO  ALTERNATE  LINESTYLE  AT  BOUNDARY-This  line  type  is  a  very 
simple,  and  therefore  limited,  algorithm  that  may  he  used  for  filling  irregular  polygons. 

As  the  line  is  scanned, each  pixel  is  interrogated  in  turn  to  determine  whether  it  is  on  or 
off.  If  it  is  off  it  is  written  to  according  to  the  pendh.g  line  style.  A  single  on  pixel  will  be 
*  left  untouched,  but  the  current  line  style  pattern  is  exchanged  with  the  alternate  Pat¬ 
tern.  For  instance,  if  the  line  style  is  currently  loaded  wild  the  Primary  Pattern  iL  will  be 
reloaded  with  the  Secondary  Pattern, or  if  theLinestyieis  currently  loaded  with  the 
Secondary  Pattern  it  will  be  reloaded  with  the  Primary  Pattern.  1  f  two  or  more  adjacent 
pixels  are  on  they  w  ill  he  left  untouched  and  line  style  pattern  will  NOT  he  exchanged. 
At  the  completion  of  the  LineTo  or  AreaTo  command  the  line  style  is  reloaded  with  the 
Primary  Pattern. 

READ  BYTE— The  display  byte  is  read  and  convert  d  from  binary  to  hexadecimal.  The 
ASCI  1  representation  of  this  hexadecimal  number  h-  aar.smitled  to  the  host  computer. 
Display  bytes  are  defined  as  8  co:v  ulnv  horizi  ,  .J  pixel  locations.  The  beginning  of 
a  display  byte  is  (X,Y)  where  X  is  0,8,lC,...,-l0uai,d  is  any  integer  between  0  and  246, 
inclusively.  Each  display  byte  is  redundantly  addie  •■-ed  by  8  coordinates.  For  example, 
to  access  the  display  byte  beginning  at  any  of  the  i  blowing  coordinates  could  be 
used:  (0,0).  (1,0),  (2,0),  (3,0),  (4,0),  (0,0),  (0,0),  or  (7,o).  The  pixel  at  the  beginning  of  the 
display  byte  is  the  least  significant  and  1  he  pixel  at  the  beginning  +8  is  the  most  signifi- 
cant.Notice  that  this  means  that,  visually,  a  pattern  on  the  screen  will  appear  in  reverse 
significance  with  respect  to  its  hexadecimal  representation. 

Leading  zeros  are  transmitted  (not  suppressed). 

This  line  type  has  some  special  restrictions. 

This  line  type  can  only  be  used  in  conjunction  with  a  PoinlAt  command.  LineTo  and 
AreaTo  commands  will  imitate  a  MoveTo  command. 

Note  that  if  the  terminal  is  OFF  LINE  this  attribute  will  perform  no  function  except 
that  the  PoinlAt,  LineTo  or  AreaTo  command  will  act  as  a  MoveTo  command. 

The  line  style  will  act  as  if  it  were  set  to  solid  (1 1 1  i  1  i  i  1  i  regardless  of  its  actual  value. 
(See  LineStyle  command)  This  is  to  prevent  the  ho- 1  computer  from  getting  trapped  in 
an  eternal  wait  loop  for  a  terminal  response  if  the  line  style  contains  a  0. 

The  process  executing  in  the  host  computer  that  is  responsible  for  reading  the  data  sent 
by  the  terminal  must  be  fast  enough  to  keep  pace.  The  terminal  will  transmit  the  data  as 
fast  as  the  baud  rate  selected  will  permit. 

It  is  important  that  the  host  computer  does  not  echo  tie*  terminal  response  (00  to  FF 
followed  by  a  carriage  return)  back  to  the  terminal.  An  echoed  response  will  b<>  treated 
by  the  GCP  as  command'dala  information  See  the  Examples  section  of  this  manual  to 
see  how  this  can  be  implemented. 


DisplayTc—le  (Z),  ASCII 
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Command  form:  D  lopt.  deliml  Z 


Where: 

Z 

ENABLE 

ALPHA 

ENABLE 

GRAPHICS 

ERASE 

GRAPHIC 

10"' 

NO 

NO 

NO 

IV; 

NO 

NO 

YES 

*2^ 

NO 

yes 

NO 

;3'j 

NO 

yes 

YES 

%V 

yes 

NO 

NO 

I5v 

yes 

NO 

ves 

yes 

YES 

NO 

yes 

YES 

YES 

Command  function: 

This  comniund  has  two  distinct  functions.  One  function  is  to  permiL  the  user  to  block  or 
not  block  the  display  of  alphanumeric  or  graphics  information  to  the  entire  screen.  The 
other  function  of  this  command  is  to  erase  the  entire  graphics  display  memory.  This 
command  stays  in  effect  even  after  executing  an  Exil'iraphicsMode  command. 


EXAMPLE:  10  PRINT ‘'03” 

This  command  would  disable  alphanumerics,  enable  grn.pliics  and  erase  the  previous  im¬ 
age. 


BringlnProgram  (ZO),  (Zl) . (Z127),  ASCII 


Command  form:  D  [upt.  d«liir.|  ZO  |opt.  delicti  ZI  [opt.  d-iitn), ...  ,Z127  [opt  dcliml 

Where:  [opt.  deliml  in  this  cuse  is  any  ASCII  charade;  except  0, 1,2, 3, 4, 5, 0,7, 8, 9,  A, B, 
C.D.E.F. 

AND 

■ 

Where:  Z  is  a  J  '  ’ :  digit  hexadecimal  number  between  00  and  FF,  inclusively.  A 
leading  zero  must  be  present  if  a  single  digit  numhi;  (i.e..  (i3  not  3).  However,  do  not  in¬ 
sert  a  leading  /-'~o  in  front  of  a  two  digit  number  (he.,  FF  not  OFF). 


Command  function: 

This  command  loads  128  bytes  of  data  (Z0-Z127)  into  the  expansion  R/W  RAM  U9B. 
The  data  is  converted  from  hexadecimal  to  binary  formal  prior  to  loading  into  R/W 
RAM.  ZO  is  loaded  into  memory  at  address  COO  111,  Zl  is  loaded  into  memory  at  C002H, 
etc.  After  the  128th  byte  is  loaded, control  is  returned  to  the  GCP  for  the  next  command. 

This  command  is  only  useful  if  R/W  RAM  is  mounted  at  U9B.  Beware  that  once  a 
BringlnProgram  command  is  initiated. the  GCP  will  expect  at  least  250  characters 
before  accepting  new  commands  (this  is  true  regard! ess  of  whether  R/W  RAM  is  presenl 
at  U9B  or  not). 


EXAMPLE:  10  PRINT  "B" 

20  PRINT  "00” 
30  PRINT  "00" 
40  PRINT  "OO" 
50  PRINT  "C3” 
60  PRINT  "04" 
70  PRINT  "CO” 


1290  PRINT  "OO" 


This  example  of  data  entry  is  correct  with  regard  to  format  but  is  quite  inflexible  and 
therefore  not  advocated  as  a  good  programming  technique. 


JumpToProgram,  ASCII 


Command  form:  J 


Command  function: 

This  command  transfers  control  from  the  GCP  to  the  program  residing  in  U9B. 
Transfer  is  accomplished  by  a  JMP  (JUMP)  to  address  C004H.  Control  may  be  given 
back  to  the  GCP  by  a  RET  (RETURN)  statement. 

Before  the  transfer  is  made,  a  Lest  pattern  is  written  to  location  COOOH  and  then  read 
back.  The  pattern  must  match  or  no  transfer  is  permitted  and  control  is  returned  to  the 
GCP.  Therefore,  physical  memory  must  be  mounted  at  U9B  and  it  must  be  valid  at 
COOOH.  This  prevents  inadvertently  jumping  to  a  nonexislant  program,  resulting  in  a 
runaway  processor. 


EXAMPLE: 


10  PRINT  "J” 
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ExitGraphicsMode,  ASCII 


Command  form:  E 


Command  function: 

This  command  instn: ..  Lc  the  CCP  to  release  control  back  to  normal  alphanumeric  pro¬ 
cessing.  All  previously  set  graphics  attributes  will  remain  valid  (i.e.,  no  attributes 
revert  back  to  default  or  reset  values). 


EXAMPLE: 


10  PRINT  "E" 


Appendix  E 


The  CASM  AssemtTy-languagc-to-CRL-Format  Preprocessor 

For  EDS  C  vl.50 


*i;e  only  means  previously  provided  to  BDS  C  users  for  creating  relocatable 
object  modules  (CRL  files)  from  assembly  language  programs  was  a  painfully 
complex  macro  package  (CMAC.LIB)  that  only  operated  in  conjunction  with  Digital 
Research's  macro  assembler  (MA~.COM).  This  was  especially  bad  because  MAC,  if 
not  already  owned,  cost  about  as  much  as  the  entire  BDS  C  package  to  purchase. 
This  document  describes  the  program  "CASM",  supplied  to  eliminate  the  need  for 
"MAC".  CASM  is  a  preprocessor  that  takes,  as  input,  an  assembly  language  source 
Tile' ~of- type -?.CSM."  (mnemonic  for  C  aSseMbl^  language)  in  a  format  much  closer 
to  "vanilla"  assembly  language  than  the  bizarre  craziness  of  CMAC.LIB,  and  writes 
•'0Ut:-;6n'  f;ASM"::filS:;  which  may  then  be  assembled  by  the  standard,  ubiquitous  CP/M 
assembler  (ASM.COM).  CASM  automatically  recognizes  which  assembly  language 
instructions  require  relocation  parameters,  and  inserts  the  appropriate 
pseudo-operations  and  extra  opcodes  into  the  resulting  ".ASM"  file  so  it  properly 
assembles  directly  into  CRL  format.  In  addition,  some  rudimentary  logic  checks 
are  performed:  doubly-defined  and/or  undefined  labels  are  detected  and  reported, 
and  similarly-named  labels  in  different  functions  are  ALLOWED  and  converted  into 
unique  names  so  ASM  won't  complain. 


E.l  Creating  CASM.COM 


CASM  is  supplied  in  source  form  only  on  the  DDS  C  distribution  disk.  Before 
compiling  CASM.C  to  make  an  executable  version,  customize  the  beginning  of  the 
file  by  setting  the  default  library  drive  and/or  user  area  definitions  to  conform  to 
your  system  configuration.  Instructions  for  compilation  and  linkage  of  CASM  are 
given  in  the  comments  at  the  head  of  the  file. 
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-c  Enables  comment  retention  on  both  input  and  output.  By 

default,  CASM  strips  off  all  comments  from  the  input  file 
when  reading  it  in,  and  does  not  put  any  comments  into  the 
assembly  code  added  to  form  the  final  ASM  file.  If  -c  is 
specified,  the  original  comments  are  preserved  and  CASM  adds 
its  own' comments  to  new  sections  of  code. 

-f  Flags  old  CMAC.LIB  macro  library  operators,  to  help  users 

convert  old  assembly  language  source  files  to  the  CSM 

format. 

-o  name  Calls  the  output  file  n~ me. ASM.  Normally,  the  output  file  is 

named  by  tacking  an  .ASM  extension  onto  the  filename  of  the 
CSM  input  file. 

The  files  making  up  the  CASM  package  are  as  follows: 

CASM.C  Source  file  for  CASM  program 

CASM.SUB  Submit  file  for  performing  the  entire 

conversion  of  a  CSM  file  into  CRL  format 

ASM.COM  (or  MAC.COM) 

Standard  CP/M  utility,  for  assembling  the 
. .  .  output  of  CASM. 

DDT.COM  (or  SID.COM) 

Standard  CP/M  utility,  for  converting  the  HEX 
output  of  the  assembler  into  binary  CRL 
formats 

The  pseudo-operations  that  CASM  recognizes  as  special  control  commands 
within  a  .CSM  file  are  as  follows: 

FUNCTION  <name>  Each  function  must  begin  with  a  FUNCTION  pseudo-op,  where 
<name>  is  the  name  thoi  will  be  used  for  the  function  in  the 
.CRL  file  directory.  No  other  information  should  appear  on 
this  line—  Note  that  there  is  no  need  to  specify  a  complete 
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list  of  contained  functions  at  the  start  of  a  .CSM  file,  as  was 
the  case  with  the  old  CMAC.LIB  method  of  CRL  file 
generation. 

EXTERNAL  <list>  If  a  function  calls  other  C  or  assembly-coded  functions,  an 
EXTERNAL  pseudo-op  naming  these  other  functions  must 
follow  immediately  after  the  FUNCTION  op.  One  or  more 
names  may  appear  in  the  list,  mid  the  list  may  be  spread  over 
as  many  EXTERNAL  lines  as  necessary.  Only  function  names 
may  appear  in  EXTERNAL  lines;  data  names  (such  as 
"external"  variables  defined  in  C  programs)  cannot  be  placed 
in  "external"  statements. 

ENDFUNC 

ENDFUNCTION  This  op  (both  forms  are  equivalent)  must  appear  after  the  end 
of  the  code  for  a  particular  function.  The  name  of  the 
function  need  not  be  given  as  an  operand.  The  three 
pseudo-ops  just  listed  are  the  ONLY  pseudo-ops  that  need  to 
appear  among  the  assembly  language  instructions  of  a  ".CSM" 
file,  and  at  no  time  do  the  assembly  instruction  themselves 
need  to  be  altered  for  relocation,  as  was  the  case  with 
CMAC.LIB. 


INCLUDE  <filenaine> 

INCLUDE  "filename"  This  op  causes  the  named  file  to  be  inserted  at  the  current 
line  of  the  output  file.  If  the  filename  is  enclosed  in  angle 
brackets  (i.e.,  <filename>)  then  a  default  CP/M  logical  drive  is 
presumed  to  contain  the  named  file  (the  specific  default  for 
your  system  may  be  customized  by  changing  the  appropriate 
#define  in  CASM.C).  If  the  name  is  enclosed  in  quotes,  than 
the  current  drive  is  searched.  Note  that  you'll  usually  want 
to  include  the  file  BDS.Li3  at  the  start  of  your  .CSM  file,  so 
that  names  of  routines  in  the  run-time  package  are  recognized 
by  CASM  and  not  interpreted  as  undefined  local  forward 
references.. .since  CASM  is  a  one-pass  preprocessor,  that  would 
cause  it  to  generate  uidesired  relocation  parameters  for 
instructions  having  run-time  package  routine  names  as 
operands.  Note  that  the  pseudo-op  MACLIB  is  equivalent  to 
INCLUDE  and  may  be  used  instead. 

The  format  for  a  ".CSM"  file  is  as  follows: 
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INCLUDE'  bds.iib' 

FUNCTION  functionl  • 

[  EXTERNAL  needed_funcl  [,needed_func2]  [,...]  ] 

code';  foF'fiinctibnl#  . 

ENDFUNO  ' ' 

FUNCTION  fund  ion  2 

[  EXTERNAL  needed_funcl  [,needed_func2]  [,...]  ] 

code  for  function2 
ENDFUNC 


Additional  notes  and  bugs: 

1.  If  a  label  appears  on  an  instruction,  it  must  begin  in  column  1  of  the  line. 
If  a  label  does  not  begin  in  column  1,  CASM  will  not  recognize  it  as  a  label 
and  relocation  will  not  be  handled  correctly. 

2.  Forward  references  to  EQUated  symbols  in  executable  instructions  are  not 
allowed,  although  forward  references  to  relocatable  symbols  are  OK.  The 
reason  for  this  is  that  CASM  is  a  one-pass  preprocessor,  and  any  time  a 
previously  unknown  symbol  is  encountered  in  an  instruction,  CASM  assumes 
that  symbol  is  relocatable  and  generates  a  relocation  parameter  for  the 
instruction. 

3.  INCLUDE  (and  MACUB)  only  work  for  one  level  of  inclusion. 

4.  When  a  relocatable  value  needs  to  be  specified  in  a  die  op,  then  it  must  be 
the  only  value  given  in  that  particular  DW  statement,  or  else  relocation  will- 
not  be  properly  handled.  In  other  words,  only  one  16-bit  relocatable  item  is 
allowed  per  dw  statement. 

5.  Characters  used  in  "symboL  names  should  be  restricted  to  alphanumeric 
characters;  the  dollar  sign  ($)  is  also  allowed,  but  might  lead  to  a  conflict 
with  labels  generated  by  CASM~ 

6.  The  .HEX  file  produced  by  ASM  after  assembling  the  output  of  CASM  cannot 
be  converted  into  a  binary  file  by  using  the  CP/M  LOAD  command;  instead, 
DDT  or  SID  must  be  used  to  read  the  file  into  memory,  and  then  the  CP/M 
SAVE  command  must  be  issued,  to  save  the  file  as  a  .CRL  file.  CASM 
inserts  a  line  into  the  ASM  file  ending  in  the  character  sequence 
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specifically  so  that  the  line  will  be  flagged  as  an  error...  the  user  may  then 
look  at  the  value  printed  out  at  the  left  margin  to  see  exactly  how  many 
256-byte  blocks  need  to  be  SAVEd  after  using  DDT  or  SID  to  get  the  file 
into  memory.  The  reason  that  LOAD  cannot  be  used  is  that  CASM  puts  out 
the  code  to  generate  the  CRL  File  directory  at  the  end  of  the  ASM  file, 
using  the  "ORG"  pseudo-op  to  set  the  locution  counter  back  to  the  base  of 
the  TPA.  The  LOAD  command  aborts  with  the  cryptic  message  "INVERTED 
LOAD  ADDRESS"  when  out-of-sequence  data  of  this  nature  is  encountered. 
Rather  than  having  CASM  write  out  the  directory  information  into  a  new  file 
and  then  append  the  entire  previous  output  onto  the  end  of  this  new 
directory  file,  I  decided  to  require  the  user  to  enter  a  SAVE  command. 

7.  The'  CASM.SUB  submit  file  may  be  used  to  perform  the  entire  procedure  of 
oontferting*”e'".CSM  file  to  a  .CRL  file;  except  for  entering  the  final  SAVE 
command.  For  a  file  named  "FOO.CSM",  just  say: 

submit  casm  foo 

and  enter  the  "SAVE"  command  just  the  way  it  instructs  you  to  when 
processing  is  complete. 
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A  Long  Integer  Package  for  I3DS-C 


Rob  Shostak 
August,  1982 


1.1  Introduction 


This  package  adds  long  (32-bit)  signed  integer  capability  to  BDS  C  much  in  the 
same  spirit  as  Bob  Mathias's  floating  point  package.  Addition,  subtraction, 
multiplication,  division,  and  modulus  routines  are  provided  as  well  as  comparison, 
assignment,  and  various  kinds  of  conversion. 

Each  long  integer  is  stored  as  an  array  of  four  characters.  A  long  integer  x  is 
thus  declared  by: 


char  x[4]; 

The  internal  representation  is  two’s  complement  form,  with  the  sign  (most 
significant)  byte  as  the  first  byte  of  t he  array.  For  most  purposes,  however,  you 
needn't  be  concerned  with  the  internal  representation. 

Most  of  the  routines  that  operate  on  longs  take  three  arguments,  the  first  of 
which  points  to  where  the  result  is  to  be  stored,  and  the  other  two  of  which  give 
the  operands.  For  example,  given  longs  x,  y,  and  z  (all  declared  as  chart 4]), 

ladd(z,x,y) 

computes  the  sum  of  x  and  y  and  stores  it  into  z,  which  is  returned  as  the  value 
of  the  call.  Note  that  the  result  argument  may  legitimately  be  the  same  as  one 
(or  both)  of  the  operand  arguments  (for  instance,  ladd(x,x,x)  does  "the  right 
thing"). 
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The  package  is  written  partly  in  C  and  partly  (for  speed  and  compactness) 
8080  assembly  language.  To  use  it,  simply  lir.lv  LONG.CRL  into  your  program, 
description  is  given  below  for  each  routine. 


itol(l,i) 
char  1[4]; 
int  i; 

Stores  the  long  representation  of  the  16-bit  integer  into  and 
returns  1. 


atol(l,s) 
char  1[4J; 
char  *s; 

Stores  the  long  representation  of  the  A.  cii  string  £  into  1,  and  returns 
K  The  general  form  of  s  is  a  string  of  decimal  digits,  possibly 
preceded  by  a  minus  sign,  and  terminated  by  any  non-digit. 


ltoa(s,l) 
char  *s; 
char  1[4]; 

Stores  the  Ascii  representation  of  long  into  string  s,  and  returns  s. 
The  representation  consists  of  a  null-terminated  string  of  Ascii  digits 
preceded  by  a  minus  sign  if  is  negative.  £  must  be  large  enough  to 
receive  the  conversion. 


ladd(r,opl,op2) 
r[4]; 

op  IZ>/J  )  !>f  r 

Stores  the  sum  of  longs  0£l  and  o£2  into  r,  and  returns  r.  ogl.  or  op2 
may  be  used  for  £. 


char 
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lsub(r,opl,op2) 

char  r[4]; 

char  opl[4],op2l4]; 

Similar  to  ladd,  but  computes  opl  -  op?. 


lmul(r,opl,op2) 

char  r[4]; 

char  opl[4],op2[4]; 

Similar  to  ladd,  but  computes  opl  *  op? 


ldiv(r,  opl,  op2) 
char  r[4]; 

char  opl[4],  op2[4]j 

Similar  to  ladd  but  computes  the  integer  quotient  o£l  /  op2.  If  oj>2  is 
zero,  zero  is  computed  as  the  result. 


lmod(r,  opl,  op2) 
char  r[4]{ 

char  opl[4],  op2[4); 

Similar  to  ladd  but  computes  opl  mod  op?.  If  op 2  is  zero,  zero  is 
computed  as  the  result. 


Icomp(opl,op2) 
char  opl[4],  op2[4l; 

Compares  longs  ogl^  and  op2,  and  returns  one  of  (the  ordinary  integers) 
lf  0,  -1,  depending  on  whether  (opl  >  op?),  (opl  ==  op2),  or  (oj^l  < 
op2),  respectively. 


lassign(dest,source) 
char  source[4],dest[4]; 

Assigns  long  source  to  long  dest,  and  returns  pointer  to  dest. 


ltou(l) 
char  1[  4]; 


Converts  long  1_  to  unsigned  (by  truncation). 


utol(l,u) 
char  1[  4]; 
unsigned  u; 


Stores  the  long  representation  of  unsigned  u  into  l  and  returns  1. 


1.2  Implementation  Details 


Most  of  the  work  in  the  routines  above  is  done  by  a  single  3030 
assembly-language  function  called  long,  the  source  for  which  is  found  in  the  file 
LONG.CSM  (availalbe  from  the  C  User's  Group).  The  remainder  of  the  package 
resides  in  LONG.C.  Note  that  most  of  the  primitives  described  above  simply  call 
long,  passing  it  a  function  code  (that  tells  it  what  operation  is  to  be  performed) 
together  with  the  arguments  to  be  manipulated. 

The  file  LONG.CRL  contains  the  compiled  functions  given  in  LONG.C,  and 
DEFF2.CRL  contains  the  workhorse  function  long. 
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